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\vCig ht and cc rnpa et an t ent la s  ss - Iu s-li re v i  p u l l  e of I ’orming mu l t i p l e  s i rnu ltane ous

independent  heamsi w i t h i n  ~t l imi ted spa t ia l  secto r . An y  one or mon 0! these

I t s a r n s  svit liin t h e  cove t ’ : i v ~~- s i - i - t o O t-i liould he su ccessihle at an~ I n st a lit w l t h  Loud
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dividi-d i nt o  t h y  following Ion r Li sL ~

1. .\ r t ~t \  eli -ms -nt and i t i t i  n u -i~ - 
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i t s  I _ t i  cent  rob .

2 . Multip l y ls v i l lS tOCf l l l i l LL  l i i  i v i ) r k  i I s - t ~ ii .
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A . Princi ple of Operation of Ovet l ap p in g  Suh ~a r r ay

Thy’ basic pr inc ipli- of an ovi-n iappi ng su h a r n a  v is  il lus t ra ted  in h - u i ’ s-

III . Lb . For th i -  purpose of comparison , a con vent ional  suha i- n : u y  al i t  i rma

approach is shown in I S igu re III . l .a . ‘liii ’ over lapping  sub ann -nv  I s  s i r i u i l a  r to

t h i s -  i-onventional  ‘-sl t l vi t- n’ as in wIn eh a phase sIn f l y - n  i s  used to cont t o l  I l l s -  phi se of

a g roup  of r a d i a t i n g  e li - i l  s - I l l S \ \ i t  b u n  I f r e  a n ten na  a c r a y .  1- Lich i  r id lit  i t i g  els ’nu i - t i t

in I l ie o s s - t ’ l ipping s u h a t -n a v is  fed by t I l e  i n p u t s  f rom I - s .  5 01’ nuio t ’ i- su hsi m i s s

I f l s t s lcl  of f i - on - t O t i s -  -m ba F I s I  a ’- i t i  t b u c  n, iss- of I I t s -  convi ill ‘si _ il  suha F r a y

antcnJia . En so d o i t t i , t h e  ovenl :ipp ii i g ‘ - i i i  i . t  cra y i s  v s - n v  s - f I s - c I  ly e  in  con it i -oll  hti ~

th y ’  ‘ - l t I i : i n r a v  pat t i -rn shiap s - t o  st t pp n i - s s  th y -  l i t  h i s  lob s - ’- in the a r t . u v  t ’a ct or

I o n n us-d by t h i i ’ I i  i s  Spa s 1 m g  ( - ~s - \ e  n u  I v . i  vs-I s-ngt I n s )  hctwi ’en t h e  ‘-nb a  r t i ’ s . In

tb5 i x t r i s p l e  of I igU i’c 111. 1 • li , v-si c hi s uh a n n i y  i o f l — i s t s  Of  t i l l  s - ] s l n s  h I s . I i i i  St

g i v e n  s s t h a n i ’ i v , th y - f ive  b r a n c h  I j i u i  5 of t i n  r i ght ha l f  of ens - — L l l l l m r t y  and t li i ’

I 1 5 y  h m a r i v ’Ii l i n e s  of th y -  in _ ft ha l f  s i t  i N 5 ’ e,l j _ tcn _ ’ n i t  sllIli I’ t’sl\ to t he c i -  st s u e  5 515—

h i t i ed  in  a ‘ - s I  of soup l n _ - i’ s-s h e l e n e  coup l i n g  i n t s i l l s  n i d u _ I t i l i L  i - l i - rev -n t —s . In

s in u i l a t -  in ,t ni t s i - r , t h e  fj’,’ n,- Iu t ’ j i n c h  l i n e s  to t h y- i s - I )  hal f of t h e  s t i l ta  i r i s  a i-

e ombini ’ih \ ‘ : i t h l  t h y -  t i v i -  Il l n u s i n  l i t t e s  of lbs  n i t l u t  hi ~i l I  of t h i s  su l i i r r a ~ t n )  I l l s  l e l l
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. In ~s’n e r t 1 , m m  I Clvi ii s_ is m Is nu i t t  a ‘ - u i l u a t ’ tol \

‘- i t c h  , i s  u s - u s  l i t  n i  ~~ 
5u m H  u t _
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13(x) is the partial field at the radiat ing sI  s ’ I i u s ’ I i t  cst t i sy ’d  b y a U n i t

\s’ avy- at Subarra y 13, and

\V , (x) ansI \V ( x) am s’ coupl i ng coefficients of t h y- pO\\’ s’1 ’ d iv ide r .

Define thu ~’ coupling coefficien t - s of corporate feed for Suharma y .\ is  ( x )  and for

Sitb array B as

Ak)  = :(~~) \V (x)

11(x) ‘ l x )  \\ (x)

Sui s t h t u t i t i g  t b l i ss r i ’ I a t h o n s b l i ps i ito equat ion  in ( ‘ond i n  ion ( i - I )  ~ s n . - ’ -  I Os

fol Ievc i l i t :

- b x )  \V (x) bx) \V dx ) =

o n d l l h o n  ( - 1 - 2 )  c l i i  he - u t i s f h s - i b  i f  o s  l it :

(15 ) = ~~

N o b  - i \  
~~~~
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\ i ’ -. i ~~ - ~~ ,~~ 
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l ’quat ions  I 1 — 2 )  and t — - l )  g i v s -  t h i s- s’ou pl i t i ~ 5 o i l f i s ’ ’ mt s - - u t c i ’ ‘ lie in l u b h i i u I ! i -

s’,’c i g h i t i u g  cc’ f f i c i n ._ - t u t s ’ s  I i ’ s ~pi - e I l ’is -d .

‘I l l s  i I k )\  s co it sl  l i i  O I l s - - , I ‘ - — u  my ’ - t  1 n n~ -,l ~ 0~~~ 5 1 .11 lo ll t o n  I I i i  m l ,  m i n t  ‘- i t l s

l u s - j n u  i , t ’ - e :  toss is s i~ t h e l ’ s ~ i l l  lb s b o — ~ s’s in  I I n s  n r u t p I i i i ~ flU ‘ 1)1 k S’ l I s h i  I I i ,  i i 1  l b  I -

‘- s~~I billed ct\\.i \ fn o i u i  N b u i l d — I l l s

C . ft ~, , j i h f l 5 ~~ i l s i m h l l t l  Os i ’I ’ i l pIul t h y  L’n i i b i , t i ’t  t s  i l i lp l i - t i m , .  S L I t  I ’ l l

Thus  i t s  
~~ 

s - i l  is - t in  j i b  on ot I b i s -  - i s , m - l ~i ~~~ ii t 2 — u h i ,n r i’ - t \  i l l  I n  51 t o  i n  - i I l I e

r s - t h i l i  t ’cti ls -I iI of I 0 - :  : u l m  I ph~ 5, - u I  u m  I i  n u l l  s I I  ‘- 5 . 111 i i i  - tn i . t  is t ic1  I I i s ’ I t  s i t  I b i s  5 I n S t - - i S

I - - d i ’ t u i c t u - s b in  I N o u n s - I I I .  :
• I . i n s - u r  o s e c i s i p p i t i g - . o i m i m t t v s  t i n  ‘h r — u  t ’n i i i : : s n I  in

I b i s  h i l l s  F t s  ~s i , i m I l  i i i  I I O 5 i i’ i 1 1 1 . 1 . 11 . [ ‘l ie i n p i t u —  i - i  t O s s s t h i s - I n  ‘ s i  u I : t p i i i t i g

‘ - t i h i n r u s  ‘- i t ’ s’ I l i e b i  F i g  l i ’ s t s ’s l 15 n i l l I p u l t s  n t  t I m .  e \ e r b i i i p u i l g  - u i b ’  i m t ’s tv ’-  h t u  t i l e

n i ’ l l i n r y m i t m t l  i u h i i t s  . b l u r -  • n h  i h i p i l l  t e l ’h i l i h L t b  of Ins r5 -- -~t l I t r n  s i  i b b s s i s t t s l n n i t i l

i s ,  m I i p p i l t o  ~ u i I i , u r t i s  IF.t IlStu:l t s — i y u l 1 1 5  I — ‘S ‘S u ’i , l u l t b b S  L - l s I m i ,  l i i ’ -  I i i  I “ ‘ u l u t m s

I F  1 , t u s h  I N - . u , t j  i s i i s l  - i s O  t ’b : i p I h t i m g  m u I u . t u ’ i~ t s t~~ n ~p t s s b b  t o u h i  s 1 s i H ~ ii - i~ ’.I

I s n i i l ’ i O i l s i l s n  , n f L  l ’ i n ! i l l i t y s - b s ’t h s s l m i  ‘ u - o s  1 . 5 ,  k~ ‘ i g n~r 1s  i ’ t - o t i ~ i i n l l r  5 ’ - -

I F S  - I !  ‘~~~ ‘- i ’  t S oh N-s i l l I s r I u n i b  i l - i n  i s _ _ I s  ‘ - , ‘ i l l o , l  i n  l i nt I t  S i I I m n  1 5 5 1 1  ‘‘I u - i s ’- .

- - 1 1 ( 1 ,  i i , 15 m I t t s tOs - n f  - - 1 ! ’  I I I  I ‘- I S  n r t m i s  —~~ l O b s  n h  5 - ‘ I  i , I m~~~i 1 1 1 5  - J ) s - - -

I i s  , : i s .  i r m u  - i i i  : ‘ S - , - o , l i i  - - I - I~~ t~b - I i  I - - , 5 ml s i g i h  i l  m s , r u i t  p b s

-s 1 5 ;  t :0 1  t I ’ 1 t - - ‘ - -— I - - t - g i t . n l ’ . I i  l i i i  ~ l i
_

u i~ I -  \ s  I I — i : S u s I j i H i I s  ( S

- - n - s i  - - - 1 h I l i l s  . I N r g u s ’  I t i  - m , , — i b l ’ ’l ,  I t  - h - m m - I !

I b i i \  - — - i  n i t t  5 - n  ‘n I i i ,  ‘ l - i I I t h b I b s  h s ,u i n f e i h u S t s ’ -~ Ss t \  nH ~~~~

- ‘ i i i  5[ s 0 5 i H  I i  i t ’ l l  I t  IL  i i i  5 I i  5 ~ l m l , I \  1~~i n 1 \ ,  5 5 5 ,  E s ‘ - : 1 1 1  - i s  . I o r  e\ I I  pb • I I le

h u i o I m h l t i l n . - i  i - s . u t u b s ,  N 05 15 i i i  I i y u u n -  I I I , u s s ~, i s  I ’ , s f 1  I n n S  I ss  t c u i ~ il  I F

u i h l ! m n ~~ 1 n
~ i i I f l u l s i~~~, ) I : : ,  m l  i I I i I I s . I t s i ; i t I b n  I I i  . I t i i \  oh s ’ , n - ’- ’ -l \ s  I , • \ t ’ - m t h t s F

- i - t I l l , m an: ,
~ ~, i u I - ~~ i m 5 - s l - , i - . :  i - I I n  l s ’ , - ’ — n h j m n , s s ’ - i - n m u i l  l t n ’ I s  t b l i l I \
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is -u si ’ --’ s vh l l  N. - s I t - - e l I ’ -  ~~ 5i I m i  l it  s i - t-ii’ s t i m i I N  • A I t s  r t b i s - s s  nu n l l  h pl s- heanu s .t m s-

form s-mt • a -~sv i t s ’ b i i t i ’ g  nu.j t mix  mcci v h i s ’ us-~cd I c  s s b s c t  t l l s ’  h u s a n u s . \ I s t b i sx l s of

ss’is -ct ion of an \  , t  n ’ I u i t m a  my s i t  of hs’anus las hi-s n worked (flit m i d  svi i l  _ t b S i )  he

cb i — c u t ~- ss ’st In nt l l s ’ m

I) . ~ulua mi ~si v .- \ n s p l h t u s h s -  I ) i ’- t t ’ ibi , l t i o f l  and Su h a m m a v  P att i- mrr s

‘I ’ i us ’ OS’ s’ t I  pp i t lp  su l u a  m n  v s i l t -h  two is-ve l s of O Ve ml ap as sh own in

l - ’i gu r s - I I I . I . Is hi _ t  s Nc _ - s - n desj l,liii-d foi ’ t h i s ’ p r y - s i  lit appi i n . s t i  i o u . l i i i ’  svcig i t t  hn g

c o y ’f f i c i c n t s  of th is -  sulsa mmi v can he ss ’lci ’tn. ’sI to viels l th in . -  [u i - s t  rs -s u l l  5 oil J i l t  s i t t i s i

g u n  and y b _ I t  ifl~ lob s- s h i p h u r s 5 5 1 0 1 1 . i Ns’ I s~ -~ r s’o iuu p l ’onu is y ’  1- i ’sL llts ss’h is -n t b i 5 -

II  hu g lobs ’s on hot Ii shds ’s of th i s ’  nsa iii hi ’:inu _t l’c_ ’ eqslai hz ed it this ’ - i cati  I u nit s

I - u n  g n i t i n g  1010-’ I s - vs -i on t h i s -  onds - r of —2 ( 1  to -2 .~ s I l l , th is ’  5 :5 i g h h t  i m i g  coe f f 1  c iy’nts

i f  thy ’  - s u t l s an i ’:tv i t s  g h v y ’ l i  by -loss

~‘n Ul u I I’ nov \ i s sp b i t  11(15 ’ I ) i s I  I b un i011

• [‘-i ’
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‘1 i s  m l  I - - u ’-, Pc . 4 .,i . I i g u ie Ps . 4 . Ii g i V e ’ - I l i e  b~~I i in of I~~ P , 1 t o t ’ opt t u s i u l s  I -

an ’ lts t ruuclu t of t h i s  fs’i~l focusing to f l h l i l i n u i , ’ e p I l ~ m ‘- s e FF0 F— . It i , i f l  he s - s e n  in

l i g i l F e  [V . 4 .,a t lm a t  a wiil s’r s-aug.- of value of ft
3 
and R ., i-a l t l i i-  i- i t o’ s i b  s - : i u i l s - t l s ~

sp his ,’r i s -al a i ic _- r ra t ioni  s-I f s -ct  is  f o i t - l v  sssuall . i ou’ exa nip le , a b~u ’- ’--~h le ~~s-t  ‘S

sle si gis pa i’aiu ~~-t ,- r s to t ’  phisi se ,‘t ’ ro r of is liste sl hs’Ios’n :

\ L m x i s s s s I n I  ph ias .  i - F rom w i t h i n  hjs s  1- tur . - (ñ )  = 10°

Rj s lj i t s  of i-i m c sr l  i t  ri -Il s-ct sit’ ( R ,) u j o \

\\ lilt  hi of pick up a [~ i’t u i ’ s- ( I ~ ~) ~~~. I \

R,i s l i n s  of fi’s’d I Fr I , (P  ~~) -~~ .2 7~i \

[lie Ifm I ’ i r ,  s . p b t L  of I l l s - p I t s l s s s !  ~m I - !- hi I~ l it t i n e  u l s i  of ~ I l  to iu5 \ :  t h i - N I o r s

l i i ,  ‘- h e  ci I I I , ’  p I l l I ’ n i ~ : I s  sui vell bs l i i i ’  i l m o s s — s I  Dl [II hulisl n - I S  I S  ~~ i l ! l s  r — n u l l

s h i l l  s O s s l ’ I r , s I  to i 5 ~~ I p e r t i l r e  - I ’ s i i  l~~i p h n m ’ ~em! i t i

‘s - u — L i ’ , I I  I i i  I i t s u s s  Pc . 
, 

~~hi n l 5 5  i -I ’ s - i  f l u - -I  i ’l t ’ l b t i m i l l  -u .s t I l s  I ll , k s t p

m 1 X - h t u l F  V t s P - s  . - i t b u i s -  p’ 5 i -  t h i s ’ I s - u - t b  I t o t’n I n ~ i t i O l i  or I t ,  u l s I l s  p 0 — 1 1 1 0 1 1

s u n  t n  i s  I i  t h u s  -- h I  11 51  n i l  I l l s  - r r o r d h i V s  ri ’S I l u ’ s  t b l s  ‘- i l i u s  . II I I n  [I l .1 5 ’ e m l ’ o l ’

If I i  k I l l - s b  n t n c -  ~ s - il  V i !~ ,I 51’s m l  I I I  o F all  5 s i t i s  [ s b — I l i s ) l l ’ -  ci Into S m  - - i , I

I - I t  ‘ \ t ’ -  ot S I l r m s n , u I - , l l  s o ’ , h5 m ; s u i h i s n s  i ;  I , - n l n s s  t h u  [biNs s ’r m or s - . i s I s

‘ i n  t i ne t b i i s ~~l s  ( d i  I m n l I i l S l l  - n  i l l s  lul l- , u~ 5 It n ~~~~~ k m r p  i l l s l l i l l 5  Is- 1 l 1n, is s-fl

S s , i l 1  om~’ 1 s- i .  lu  - i n y b  I S  I t  - : s i s , m l  o ttms mcmli Ios ,it I ’l l l O Om - ,(s- t i n  l i t  ‘ I b I S  n b

t sR - - I l . Il m t s - u  m o w s  I S  1 5 1 S t l , t - - ’ i - - ’ - c ’ l m  i s i y l i  m m m  n i t  b uha ’ -~~t t  i m l u v  so
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t he - i s i l l os ’  ilig n u l r ns  t’:

- 
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51fl~~~ (4 1)

LII \ i t h l s ’Ii

1)
4 i s t h u  tJ )s I ’ t lhi ’ s ss i s l t b u  of t h ’~- p Ita ~~s’d sI  ‘n V , and

:.~ is Pts ’ —ti ’SiIi  _ m t i ,y l s  of this ’ ph ba s i ’ I i  Il l i i

I - n m the possihis- set of d c — l g m b  pa F mrl I s ’l s - n ’ s i —  li)cIitiolicd , t h e  f s- , s h  amigis - s- xi’es-d s

~3flO 
ths -mcfor e , plua s s er r o l ’ io t it r o l  sb u s  not impo t-u s- t h e  losvcr h in u l t on thi’

s i z s  of th i s  pilihox il l  t i l l s  c a — k . ‘I ’hie depensh s ’llce of th i s ’ tcs ’i ,I —call dIlgi e oh thi s

s i h i t h i  of tb , pi c k i t p  i r h ’Lm\ ’ i S  - t hnis ’ , t t  in  I i gu i ’s-s I\ . 5 .a and f\’ . .i . t i . t h u s’ first diss’

a 1
0 h u - si t i  pIia~ i-d .1 F F 1  V sc’i t I i  ,l In sost n iu 10mm at iup l l t t t d s ’  svs ’i g hi t ing ,  and thi ’

s -s n iiimi sIlO s’ I S i 10 I s i l l s  p lt ~I s s ’d ~m r r ~is ‘, - . i t i t  ~I l  I1 l a v l o m  \veI~~!it j n g .  If it is

s i s ‘-lied to n s a i n i t a i n  C s  s S -- s i m S  u i m g l s  it lb ) 51 or is— - - , t h e ’— ’- I n t l  Ii of t u e  p i c k u p

api b t n r e  is 1-0 ’- ,U t Ib  1 ’ \  l , i ~ ~~~~~ ~
- - n c-5I s~ ’— , r u- Sp i n t~ s~ - bs  . ~Ilme ei~~oiis - for

sisu i h i l l i m m i l u g  i ‘- n u l l  I t  ,‘I l —c _ Ill i~kis ‘ s s t l l  l ’s d i s cu s s e d  f i n i t h s m  l I l s i  nit .

~ s’ >-~ 
- 1 1 m b  s s l  ii di- ’- inn ;s I i  l u l l s  t o -  - fo r  li , i\lIs 111111 i , s d  sc , mn I md s’ n i l

~o° I s  l i - -i c_~l m s l s s ~

\ 1 l s n , i n m u n i  fe - s- sb ‘~c i l i  1 1 1 5 1 5  , ‘

~~ 

- - il l

. \ s s p l t t Ill n t 1 1i , I oIl s ’ i , t s d  t m is II) s~~ 
- I I ’ ,lo F

\\ i l l  I t  of pl s i n s h  t i m  t s ,  1 )
1 

m 2  \ (toF I t ue  i t s

\V I !i m n i f  p i c k ’ I p  m F r  , - Nm - - t . s - \  I -es  I ig lt r e  IV . S . l m i

fl I m ’ --e  e r r o r  i i . i m n e  c or n s - i l l - n  . a 21 1 1
1~ es l- igsli ’ s - I\  .

R a d i t t s  al 5 I F 5  i i i  m r  r s l ls - s i - n i , f = 20 ’s ( - -s ’s I g l i m s  E\ .-l. m l

P i n  N ito ‘ i f  Is-i’d - m m - i -  m . b~~ — l b . ~ \ ( S t  s I l y l t i ’ s’ b \  .4 . ‘ i

It I —s -i ‘— i l l,  I n n  1 5 1 1 1 1 5  s I I t ,  1 511.1 s n - m u  ,o hs a i’~s- I t : s  I I  I! I n n~h 1 5  - i t  , ‘i 5 n s I b i b

i t  t -  s’P - k~~i- i u t - m m ’ - , H~ i . 1 1 - n t  ~ n f l ! i n I l n R i  n t s i ! i O t i rn ’Il llll ’ S 5’ s ’  m i l l - n I l  ot h u e
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I u - i l g t l l s - - equal to th i s ’  liegative of the ,ts ’ s - t O t g s - equ ival. - t i t  l iti i ’ lengt h dus -  to thus

jsbl a s - t i -  i - r I ’or s . Tins i-omr i ’ction pros ’s-s lurs- has heen carried out for the  ahoy,-

d esIgi l . ]]~s- pbt as.- e r ror  ,I i s--i ii u t i o h i s  before correc t ion  and sm t t s - t ’  correct ion

ar .  s-uho\s’l ’i in igur i’s [V . U . s 1 5111(1 I\ ’ . (1 . h , ms -s ps - c t i v s - h v . It is q u i t .-  c l s - , m m  f rom

ols-t ervat ion of th t i -  two s-rror  di sti - ihu t io u us  t lbat ph i a s u- ei-s- oi- niVei flIU L’!i n i t  I i t e

ap el’turs ’ is grs-at lv inspr ovesb , and t h u  n aximum p h u a s s -  s-ri - or a fts’r comms ’c t i on

i —  I c_ - so than ha l f  of the n-iaxinut n p has -ni - err or hi - for e  correction . ‘Ilsus , t I n s

methioil of is rro r co r rec t i on  is vs iv u - f f ~ s- t i s s -  and s-sIioulsl hi- incor [o 1-a ted into

this ’ c i r cu l a r  pilihox iI c_ -s i gn . In t h i s  ca t -u i- , th u nsax in um pha si’ e r r o r  a t s r

correction is onl y ~l
O ss ’hich i sluould ps -ri -i-it real iza tion of our su ch -b lue

oh s- ct hv e of 2 0— 2. ~ t I P .

C. \psi’tuie i ) i s t n i  bu t b on  of t h i s -  l’i ck u p  :\rl’s I y

I . -\ n a ly sj s

‘I he cal culation is lot ’ t Iu c ti ’ I’IflS-m u’F,it rnmnti e ol m 55s r l i l t  15 , ansi u n i ty

pos-. s - i ’ is bu il ds - n t  on ft-cd i t OI ’ fl ~-\ is- shinto Il i i  i h ~~ i l l ~~ - Ps’. 7 . ‘Flie

c , t l s su la t i o t i  is p ,- i’fo i’n -hi ’d in  I s’ , , m ‘- I n . p — :  i _ i )  f i - . h I t  _ mt  r s t ’ls - t OF ( I l l s ’ tu)

fu ’s’ch ,I F i _ I S ,  (N ) f i e l d  at p ickup al-ray clue to fi s ’lsI on 1- u - f l~ n I - i s .

(t ) i on Ij sIl t l t i Ou l  of I - ls ’ld on P ~h s iso

h i - . - r . I l ec I oF I- - d u v b n l s ’sb i t i t o  — i m u i l l  s g i s l n  t t t -  of l -  ss - i ~ s

Thu pos’. eF i s e si  v s d  l iv  a t t n  of t i l e — s  s s - g i i s u  it ‘- I s-n t O y s -n  h i :

P - - — P
2 ~ 12 I

in  t i ; h m h c h u  I’ . i s -- t Im ,  i n e k h s - m t t  
~~~~‘ - m on fn s - m b  l i ons , ,mnd is  equal to  1 .

h o  t I m , -  I I i I I s - , i t I N - - I m n t i  s - is f lu b s - m i t  fi’ oiss f u s S  h ot ’n to a

- 1 1  - a l l  ss’gmc_ ’Itt - i f  is t1~ slo b

•1

_ _ _ _ _ _ _  - - ---5 -- --- - - - - _ _
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0 0.1 0.2 0.3 0.4 0.5
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(B) AFTER CORRECTION

ERROR
:

- 111= 30\j

10 
I - (1 2 = 8 0

0 0.1 0.2 0.3 0.4 0.5

2
~‘~~3 l 5 - 7  1 - 2 1 - 7 6 1
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‘h i ts  n i s t e l u l  - l I m i t  sill of t r s i n i s -n i i s s j o t s  c o s f f i s  is - h ut I S sbtos s ’n i mi

_\ ppeudL~ B b ‘ q1t~l i  ion 1 1 — 1 2 ) .  It i s-i g i vc- ui bus- los - ,

~ 
S , - )

~ 12 
= O~~t . - )  -s-

-
; ( - ’ )  (4 - 2 )

in svbh i c lu

is l u - i - i l  ~~
-l eu s se th t  s m~~m s ing

sI .~ is -spa e l l i s  of sanu p is’ point s-n on r e l I c_ - i t  ou

~~~~~ ~~~~ i s -  a c t i v e  posver s-I s-mint  I~~t t c m n  of fec _ S h o rn

i s  ic t iv s  j~~)5’. s i  ‘li-ms-nt pattern of a ss - g l i s , , i  of

rs ’ ll c_ ’c_ ’t oi and is i’qual t m  so-s - , m d  P 1 ,, is thi s ’

di s -Li l lcs  h5 ’t , ’, u s I S  f e c _ -S luor n anuc h t ISc _’ i’eflector 1.

‘hi ss ’ f i s -Id oi u t hs ’ rs ’fli -ct or is gu s - c_- u h i - :

-j 2~~R -

1’ief 
= ~j-”r— ~ 
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In t h i i ~ i- s t  — 5 , thc _ - coot ri F iuti on fi- om c_’a cli sign- ic_ -nt of t hu c _ ’

f l ,  i i o i  is- n n m m j u i t i s - i t  a nuS t h i m ,’n suu i  - s , m b  to ob ta in  I C m  t o t s ub  fi ,-l d

at rh ,- hp i’t ill ’ ’ . N o i l m i s n i t i g  I l l s  5,11115 lur o ceduri ’ us pai ’t (51), iNs-
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— - - I  h i
l’:p 

= i -
r n  I ~~~~~~~~ ~~~I~~~~b ° i~

”p~ 
c

- 1 
(4 4 )s— c -g: ‘ ‘s- I t t  -‘

- - —-5-— 
~~~~~~~~~~~ - :~~~-- --5-—-- - - -



I I

S 55

5 1I~~ - n ‘5 ’ - - - -

I— T I  - - I m l -  is — n  ‘ _ i’ u c ‘ -

- S - I - 5-

‘i - n  t n  s t ’ i’. 5 . 11 I t s  5 ! ~ 
I’ 

l l n  - - 1

5 ‘‘5 ‘Ito - 
~ ii’  

- :fl 5’ - 
- n ~ 

- 1 - I 5(n~5 - — - .

.i s i - I n .  - s P1 1 5 ,  - - - , 5 - i i i ’  
i ~~~- ‘. m -- ~~ s-Cs-  5 ‘ n.

s H ’  , ‘ h s u  b ’ ~~~~~’- i s iS ‘15 n i ’  s i n c l i s ) i l , I l e s , m l t ~~u n i l  l I t  t b  55

s s s g  . \ n - - s - ; ’ : S ’  i~~u 1 l , n m ’s , i t t L t  m - , I s , -  is t l , ’s ebo 1s,- , ’ l~~F s - i

I s -  t m ) t i s - l l c l I x  t .  h s - — s s s u i l l b  - . I s  - s i l l  :~~s lIsfl s s I S I s  s o s - I l l s  h i l l e l  is

OS,  F i i t ~ — s i p  5 liI ~~- v , l t S i , u i i  g u m n u e  l i s m e - , in s I 15 1 5 5 s n 5 b I l l s  5-

I , i l b o t C  0111 s-- I s I s  t o , ’— I 1055 5

2 . ~\ i ! 5 i 5 s n eal i~~s sui t s ot  si ‘ s - l u S t  LIsle 1k msi 15 s r I  I~~~) I i 1 n .  — n t m . u F I C h y

s s m i ,-Ilna b )~ 515 1: ( \ l i i ~ t l j)]e Ins I : i l i n i r s ’ u l l i y  ‘ s i l l  F 5 \  (‘on pi ’I~~s’st nit

~ii - l eks ’ st P u b I s  l O O n  5 ) .

I ; s m — , ’m on I m s d.- s’t i gui  S it - i  i t  I l C S h ’u s I\  . 5 , I \ ’ . , _i li n b t \

.I i s  m t f l  - u i s i ,~ ds’sm u’ - lii ’- is-u -n s’,nrk itl - l I l t  5 0  S I  s I t h  10 
Cis s - ~ Int l m m i h

m l b ~ s F o — s o s c i  hi - i n - s n - li hs iius-~ I ’ l m s  s 1 5  ed,to p h h i h mm ~ I’om t l m i s

a l t ,  s t i l l  I s —  h gr  i s -  ‘ - l o s ’  - - I l  1 i git i n .  IV . . Hue u l s ’- 1 0 5 .  b s~m rat -i - is-I s - i s

lit S O I l s  s l I m s i  iF  i t m s  f i gu u u’ u ! , 5 ~~~- j s -  l s- i g l u , t h i c _ -  a n a I s l i c , t ]

‘ i m s S s I h l i  t o  d s ’ih ’i ,- m I i t s  I S n ’  I 1 1 m m : , \‘- l  k l ’ n . ’ii to 5 0 5 5 5 1 1 1 5  ( l i i

_ m p s - i ’ t  i l l ,  i l l  — u r i h m t s  i l l s  0mm I I ’ , ~ 1 5 k I t ’ s In — s— sly . ‘l ’hi , ’ _ I I : s p h i t h k b t

11

- -5--_ --- ~~-_- - - • ~~~~ -~~~~~~~~~~- ‘ -  
- -- - ---5- . — - - ‘~~~~~~~~~~~~~-



- -

~~~~~~~‘-‘-

~~~~~~~~~~~~~~~ I

- - - -

Ii ,__~_ -

‘
- 

- - 5-

N
/ - 5 -

”

/

--I 
- 

-- 
~~~~~~~~~~~~~~~ ,

-- 
/_ 

— — — 

\ ~ C
1’t SIN, ‘~~ - C / / -

_ — 
-

, / --“
-— I— - - -  1

— 
_ __ — ‘ I s - -  1 -

Si “ 1-1 - 1 ,5

- m n I  ~,,I

N ‘II - 5 -  - I -~ i

M I I , I I I I I \  I 1i - ’, m ~~I i  I (n 5 _ m I ’ ~ t 1.i ’ l b l I ~,’, m m l i i i  111,1 1 ~I It ( ‘ n - - — I ~-~ - I c~- - h

‘I

- - -- - - - 5 - - - 
-- - - - -



-5 - - - -_ - - -‘ -- ‘------ - 5 ’ - - - ~~ ---- --- - - - -5 -- - -

-I 5’ I 1 5 - I t  5 5 - I S O  I ’ -  .1 i ; t i s  b l O t ’  at  - -n isa su t r .  - l o s -s i us b - ( ~~l 5 s - - - l ’ s  a , iit d

th e ~5l P l - 5  - I b s - t r 1  I s  - ‘- ~ l l l l k  1 1011 -at ~~~~~ I t ’ ,- ~l , ’ \ ” i ’n f l  I I C U F 5  P, ’ . ~~

i ’l l , ’ m s 5 - l p l i  l a l ,  , l l s s i , - t l u l m u :  :0  , I S I S O C ‘ I l i l t n )  l~P ui’  I l l  - -~~i St a s i s I s -s ;

l 5 ~ n~ 1 - 0 5 - F t . t h i s -  s- 1o , - - i s i — i d s ’i ohle  i i , . ‘s I ’s - h  I , I I S I c _ V u . Ks cau e

1:5 j i s s l i s  S~~sC~ c I h — r s m i s - u t l o u l  - - i l l  - - i i  ~ l , , l  PO l i s H ’ n i  t I, l l t j c i s i i

~~5 i d ,  apn. l ’ , s t ’i- , s b ,  - 0111011 ’ j i t d  s -  - 0 1 ; , , n_ C J i i h i i I i lS t  1000 I ’ l  n. , _ t c i i

p t h  J m i \  15 anus- . 5 - .  i N , II , s 11 155  tN m u s m t l : s s ’ S n  ‘-s Ju : n .bom ’n s i n u  Ltr n;

- Oii t s - s  01 twa SsN -5 - I  u u i l l s o x , - s  I n  s ’.h 5 c ~~( I e , 555 COi5 - - JilSi -, s l i os ( s i r

t I bs  I ’ 1 I 1 1 1 5 ’ I  Is , a n s l o ” r : - a s i m  n l t F I \  i -  1, b - i  uSS , b i l e -o ’if lov, -r  i s i s

- . 5 5 t 5 S i  :015-01 i s-  io~~ Ci l s  be ‘its sit ib  s~ i ~s 0  - -
- ot~ -i l j Ste 050 Ii

1 55  Is s C — , s i — s c _ - t b  li Ft l i es  h a ts 5 ’ 1 5 - l I . Ot s ui 1 lua s’s i S S t ” i s l l  th e ‘ej lO

) 1 1 0 i ! 5 - 5 5  0 5  si t ~1 Ir511lt: libe t)s ani lISt -5 50 ,1 In , v 1 t u n .  I i t t i l l n i ’ S S S  ~C i . - l  ‘i-

‘ : 5 1 1  15— L I— toC ~ni,  i 5 i  ‘s l e s s - — . I t s  ‘_ - s P I I ’ i l t n . ( 1 511115 )~ 1 . 2 5- n. l-

- ‘5- 1 5 s 5 0- 1 5’s F~ Or c~
’os )V -5 ’ ls ’- ’~ l 0i 1 5

S , ~‘ 5’ 5i~ 0 5  - ‘1 0SF er-e~s CI - - I p s  PI n S ’  i s  v s iv

i , mi l  s s F ,~~ I t  i , o  , ‘ : l ’ i : S i s s  i S ~ i~ t - - , ‘ , r t n . S  I’ -: I ’ J

on I’ . a , - m 5 5 S~~~ I ’ S’ s “ i F s  n 05s- nF 1 ’ ’d 5 n ’ ~ t n  i n n .  I’l ’~ l n

— 
-‘ Ii I ’ i - _ n _ I l ,  ‘ ‘ 0 1 1 1 ’. i\ . I h . H g - n s t  - t ,

‘ 5 5  1 -: - ‘,n -  - h1-i r - - i -  - s , s’,l sic i s ’1 p m  c 5s s I  o

s :  LO t I  215 . s s 5 ’  - s  ~~: t ,  ~~‘ I S I :5- -

“~~, t 5 n i  — 0001151 51 [, 
:~~~~,$_! !_ 11 ~~~~ 

5 5 - s N - h  n ’P I t ’n — - ~o s m - s  s -v s- I

\t i \ n . u  I I ’  III ‘ I i  -- c O O - - 1,0’ 11 5, - m i u t  C , i l I ! 5 l  in g  i t i  Out h i t I sis it  sinS .1 s i b  1111 , 15  l s . i s-

‘n I l l  ~ m t i s i t - - l b s~~l h ’ tn.  t o . I s its ll’ l s)h t in I, r i .  s t thauhe s s s (f lsi s ’Iic_p ” - s  thi s

r;n - I I  111 of l0155’ F IC I i i , ,  l S F n i i  05, I - . s m l . R m m h i , , t i s i m t  e f fi e n - 5 5  p Is i l u  111 it, ‘it N s

n i ~~ . k b e I n g  I l l ,  i f l d s ~~ ob i~~ Is I l i I i p h t  i ”  151 . I - i i  h ’ spis ’ s s i t t s t h i s  00 ’VCI ’ l o ’- —

hin t \ s - :s li I C i ~ I S I s - l I t  t el ’ l b m l : l h  to) I b i s  -, i l  1 - 5 1 1 5 1 . ~, \ c _  l s u m v s l s i m l i b ’s l i I ’ - t s  S C I  is

i ,

‘I

‘ - 5  
_ - ‘

_ - -- --- -—-



_ _ _ _ _ _  -5- - -- —_ -—  -5 - --

Li

-- 
- -5 —

- -

-
- -—-5 - -I’

- -4
’

5

5
,

1, I,

5 ;, 
-

~ 

- /
‘
f

~~~~

_ 

~~~~~ 
- 

-

-~ ‘5— - - I ~~~
, “ - SN

j t 4 n
in
,,
~ \~~~~~~~~~~

\ f r

7 “; I 
~~~~~~

j l < <  
—
“---- 

-~~~

c

w
0

-5

-5_ n

- - 5 — - ---~~~~~~~~~
- - - - - --Si ‘ - - -- - -5—  ‘ - -- 5 ’



_  
“~~~~~~~~~~~ “~~~~~~~~~~~~~~~~~

cc ‘ ,
~~~

- — 0

I— ‘

cc -< 0
UJ < C~~~< LI~) -

C c’i ~~ 
1
0 ~~ I <~5’ — C”)

d
II 1 1t 1) I ) ‘

p
cS~ -

—

~~~~~~

~ i



- ‘ - -~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ --‘-~~~~~- 
- --~~ 

-‘-5 — --- -‘- “
~~~~~~~~~~~~~~~~~~~

- -

- h i s .111 ~: 1 ntt jsl I 5 1 ~ los -- 
i ,~ . l O I s - , I ‘ I ’  1 10111 - 1110111 t)n)5Cs I II this 1 cs ’sI b i l l , Ill s ’

I I  n . j  5 5 1 5 ’  s ’i I I  - ) s s . t I I s ’ s m hu t 1 ’t lI iJ sm h ss l’t u r i ’  IS g l v n . - 55 I- - 1 5 1  i s  5 0  m n t  5 \ i \ ’- , -

s’Oti t t l  m i n I  s v i t l u i n  I l l s  i l l u m i  ‘ I I I  s - a t  1 t g l n .  . b i l e  5 ’  h I l l s ’ , I S  , i e -, i s I s u 1 i l l  i 1 1 5  p O l ler

- t l i m m l t c n ’ - s i t — u S u - I l I i h m s i i s l I i o Il s m m u s l s  l i i i  S I b l l l h l l b .  m s  ‘ sp i l l ovu s 10- - N  W i l l

i~5 5 I l  l i~ I t o s o  I i s I , - , ’s b i i~~~ : l y  s i t s :  5 5 1 ’ i s, , n i I m n  l O i n  f I j i  i t s  s - b ‘ Ffls 5 5 5  5 5~ 1 1 1 , 1 11  -

a r i a s . s s ’bbi ,’h i -n i s I s  t u t i i t i i ’ h s ’ as  - : 5 : 1 1 5 1 5  s O i l O b i S l e  I , n s ~~ . 
- IF S I l L  - ‘ lv i - v i e s -  -

~0I1 t5 , C ’ n. - ,m n l ’i e o lu p l t i t l5 -  los— I s  t h e  511th 01 sph i l nus ci ’ ab tsh Ii5IbttlLt l s n ! tl5i it h C I - i - - -s ’s to’

i 5 ~ s ‘Li ~k s i l  P i l I t i a x  !ussn l t i p l u ’  I m s ’in llbi t ,’ luiil b .

h i s s - s-j st s’i ’ j i, i 111111  I I S ’ i l u l I g l i l  b i t b b j l n s I  is ’ 1 i , s  s ’s-i S i O i ’ h i  i i t O  I Fs n sh i n e

115 , b i  —
, u i ,  e P I 1 5 1 5 1  - t l t s  f u s S  I s  ( ;( s) (2 II , iii, b oil r i sh m u - t i o - s - -~ i tom h u n.- ,:

w i t h u l n u  i l l u p i h u s _ l u  ti ll ansI5 _ f . is

P - f ~~~~~ ~~~~~~~ =

( ‘ 1  I i s -  I I i - , 5sI i l l  f I l l s  5 i m  - n m  n i t  t h is f u s S  1 F F  m y  s bsiu me uu ~

1 he 0 _ m i n i  I ’i tnu s - t ion  m m !  is - , ’ u b s l i m s  u - l u - I ’ s - - i l l  I~- 5tV s I

(~~( ~ 

‘ l

His i i  in f u i n 5 t  l O l l  1 11( 1 t h u  ,li ’i I n , - ,’ u - l u - I s i s  ml b 5s~l t t s iu i  SI :) ;.u I~~ C k , l b s - s u ’sI i n  -\ p p s ’n b i ’ :  I i

:tnd \pt s - -su~hs- ; I ’. is ’ s - i l :  ct - I s  ~- I v . - - 5 1 — I  i l - i l  - ( I l  - )  1151  ‘ 5 - 1 5  n ’ i j 15 ( - 5  —5 ’5, l’ s 105 in  t h i s

foIl - is ’. I u s ’

( 4 - ( s ’b

Iii , ’  i b y ,  - n -I l  I I , l l u i u l l  IS r a t bh- i  i l l  - - I  F l l e i  vs . I f wi ,i ‘- I b f l  Ic I f I J I  I t i  l s - , ’ s t, i F  ra y

s - I -  s h i l l  s ; u t e i n g  bia s h i S - s-n s ib  n t , - so 1 1 1 1 0  d~ and 5 ( 5 - )  m i s -  k s u n 5 - ’, I l , i’i’duei i 5 5 i i :

~~~~~ 
-5



-- - -5- --5 - --_——---‘--_------ - - -- ---——.---.-----—“.-_.———-- - — —-5-—

- - C-
-~~~ C—’-

I 

A 

~~~ / 
\~~~ ‘ 

\ / /

: 
- ‘ -  I / / ~ i

~ 
- - j

v 
~-

~ H --—-- - I - - - f , I - - 
- 

- - :,
- 

I 
I — 

~~~~ l~~~ 

~\
/ 

‘ \ /  / ~~~I

~ I~~~ l u

- n 

~~~

, ‘
~~

/ -  - I

, “: 
- (/ .~~~-~

‘
~~

‘
~~

- 
~~~~~~~~~~~~~~~~~ 

u \ (

-
~~~~~ 

~~~ 
I 

~

‘ ‘½ ‘ I I , A l m _ 1  ,

~~~~ 
I

I 
~~~

, 

“r’ 
~ 

I’

- 

I ~~~~~~~~ ~~ i i~~ - m - ‘ h
I i~~~ 

n 
I

l
I~~

( ~P 1 ’ ’  

~ 1 ~ 1 , 
,
~~

~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

f :~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_ _, _ ,~~~~~__~ :~~~ 
~~~ 

~

‘ 

~~ 1~ 
- 

~~

, - 
‘

I 

- 

~~~ I 
-

‘I i i , \- :  
I ~

‘ 
- I,, ~~— h

- I —
, 

—

:.~~ r - 
- 

‘ I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~

- b l I P ) -  l ’s t l , ~~ n - I H - E [ h , b ) b ’, \ h l l t R \ I f l l S I m i ’ ,b ’\ F ’ - I I ( ; b :Ifl ; f \ .-

I. , - —__-—---—- -—~~~~~~~~~~
--



‘~ ‘~ -__-

i l lu nsu i u ;mt  ion Imal  f ang l e  -- would is’d ucs ’ t iti - i’ash i s i t i s ) I I  s’ f f i e i e n s  V (1 2
. - l l i s oh s i —

5 _ mt I s i l i  i’s o b i v i o l l s  fi’om th i s ’  stand~~~int of sp i li ovc _ ’r loss - m s snsall hl lurf l i ia t iol i

ang is - ten ds to ins - r i -as s ’  th s-  sp if los- s’r loss of ii’tli itol ’ Llli t i -h ifls,is . l iii ’ i l l u n u i iat ion

ang li’ is a monotonis’ fun ,’tioi u of ( I )  
~
/2 R ,, ) ; t I t u s , in, - t’,-a s i n m ~ R,) ~l f t i -r  th i s ’  is-sd

c_ ’ I s i sss iit “ lu  s ing -  is fixed m,’ans i iucr i - s m s- i Ing sp i l lo vs -r  b — s  ansI  r educu - sI r a s lia t ion

s f l u -  is - t ui ’ v . liv s u n g  t I i i ’os i-~h u s i i s s i lm i h o,’ of st t’ gsl nuc _ - t i t , it i-an ,m l so he ,‘oncl t ush s - s l

I S ~~ t I l t c i ’s ’,t —i  bI g  I l l s -  fs ’,’sI u -I s ’m,’nt spacing 
~

1 i 
a f t u -r t h m s - s i  ii’ula r i’ s - t ’l, -etoi radi i ts

P ., i-s m l ~ - il ~vou1 sh t i -nd 1,1 ii’dui ’s’ sp illos s’r loss  and incis-sisu ’ i’a h ia t ion  s’f f t i ’l u -m Is s ’

I oi th is  s in ’ im ,~n in  tl i c _ ’  l a st  s u - s t i  i l l , thi -  h i s - an - i s  i-onp lin ~ lo~ s 5’, 110 shet s ’  i ’n sins’d to he

1 . 14 sil l  f o r  ,i 1
0 Ii u -ans ss ’ is l th u antenn a s v i t h u  I d l i  crossove I’ hs’tsvs-i-ii tIme WI las’s-n -it

I n s .iiu ss-- . I )s ’ ’- igtu s in ss’Il ic hi o t h i u - i  fs - c_ ’d s i c_ m i nt ‘sp ,tc i 1i5 i s  used ‘si t h at s i’s i — s o v s -r

I i -s s -I o t b t s  i t hu _ ui  .i sil l  i~ obta in s -i l  I b _ m y s ’ also h is - u n  ss’ork -d out . ‘ h ’ hu c _ ’ is- _ in s si- lu i’a t io iu

o f t l m s - s s ’ di’s iglI s is givs- n in F i g u  is- I\ ’ . 12 . si . ‘h ’lie bc_-am couplii sg los s is ~am 5- s - lu

in F igu is’ IV . 12 . N . ‘flue c _ l u st  on bc_ ’~ins coup l ing loss sbus ’ to Ci0550’n ’i’I’ lc_ ’s’ s’I i ’~

h i 15cc_ i i l - e d  in Figu i’ s- l ’s ’. 12 . C . It i s -  s o I l  h i s _ i ,  is-is-ia ika h i s -  t h u , mt  beans co lhp l in g loss

dc _ - pu -i i s l -s p i in c ip a l lv  on his - ar -is ci ’o s s - o s s - i , hut not on 1’s-i’d c_- li-n -i s -nt spas’iisg 01

pick uip aps ’ r tu r i -  s i - i - .

1 . \k’tho~.I of I’ rov ish I ng An’pI I tud u- Tap s- i

\~‘hls ’ I i  t l u s -  fs’s~ i ii ’ Fm y s-li-ms -nt ‘pa s- i t i g  and ci i cs t la i -  i’c_ ’fl s -ct oi  i a t h i u i s  svs’r s

Sc_- Is  s I  u -S t i n  ~‘is- id a 2 to 4 sIR crossovs’i ls -v~ I bs-tsv ec_’ n bist ros, t h u  aissp l i t u t h s -

cli —I rihuthon for c_ ’ach hearo ss’a s ,ii n u o — I  4mb foi ’tss . This’ as—n -is I I I n i b  s j n b n 1 s i l i s  l~~ 
s ,  1

i s - i l ”  ut 14 dl i . It is obvious that  a I l l s -a l l —  to  i O C r s a -s e  t i l e  i u i s p l i l u d i ’ t ps-i i’

1’ - 
~~ i’s-il I - ~‘j s- IcI a s u b s -lobs - Is -s m 1 in this-  ‘ m i S s  m ’ of 21) dli 01’ hi - l w . ]lmn ’s- s - n s s -tbmo shs

i rs’  n I I s c l l s s s ’ lt I n u h o n , v

IS 

—-- _ ‘ - - -- - . --5 —4



-5-’ ‘ -~~~~~~~~~- - ‘ - 5 - — -_ -“-- -5 —-— -

- 
A )  S 1~~~I ~‘ N- Nh

~ 
1

____________ ______-  

(I I )~~b f \ ~
‘, - ‘ r  t~~ ’

is i~~ = 3 b C K t J ’

— (h e  
D3 , A

- 5 5  7
-

- F T T ‘

~ 

‘;- 
j  

‘ - / Nb CROSS-
/ - a

- / 5’; / OVE r

1 , 0 -  ,I I / / /  3db
BE~’ .1 - f - * --~~-f -  CP OSS-
C ) ! P L I N G I I I / OVER
f j i 5 S  sIB

2.0 —

3,0 - -  

:‘~~~~~~‘-~~ 
— 2 SB C R O S S O V E R

0 10 20

0 ‘C l

COUPLING 
-

LOSS , -SB 

3. 0
5 3  4 5

15 LI- ‘SE L , ~I P

no, n~~5 S 1 9 2 /  ,,,~

R ; t ’ b s b :  iv . 12 i l l -  \M  ( ‘O I ’ b ’ b b~~L \ 1 - 1551 ’s lsosa()\  I 11 I I : \ R , - \ ’ I  I - N I S ’ I  I t s - .

I~
) 

‘ -  — -5 —  - -‘ - - -“- - -  — - - -



I S -  - s I s -  s i n  -

I b u n - f i r — I  I i i 5 l I ’ ~~I I— t O  I N s  I t t n i h i i  1 1 , 1 1 5  II i N 5  i i m l h i h l t s  of t l t , ’ phs’kup

15 \ l i m i t ’ s . 1, i m l I l l i b i s ’ i i l i ) s I i I 5 t S s  s m i l l I l Ol I ’ - m e h i i s v s d ‘- ‘ I I  t h i l —  1 1 1 5 5 1 - n b  ISIS ’ , 5 s i , I l l s

\I i’J I n n ’ -— I s s i  t n ’ s-sb Is s’ s - u n ,- l u i g h  as sbioss n N v ‘ l ’ ahls’ 4 . 1.

‘ l , ~ IiLF I .E — ,‘s I 1 I 1 I I I O\\I 1 ,055 EN .\NhI-1\N \ (,\IN
l i i i- : To R l - 5 1 5 I  b \ ’ l S  h , \ I I R l N ( ;

- \ d 1b I t  tonal  I nh — S in
Sid , - lol ’e I , s - vs ’I Se - i — i  vu ’ I ni- I S t o n  , \ n t s  l u l l  (- i l l S

i I n h n m  I ) m -  t b b l i i l I l , i s u )  Ot is f u s s  I of I n I I 1 I , , \  (2  i s- S ’ s-I S of b ’ i l l i n o x )

14 Sf1 1) sIR ( 1 dO
2 1) 2 . 1 4 . 2

2.T

N ) 5 . 1

T l t i s  , i d d i s  “ m m m l  I n n — s  i - n  -- im u s - l ’iuIi llo ss -st s ib , t I l e  i n. - m i s s  e t i l up i ll l s ’  lo’— s  siS

gtv ,-n in I li e ,mhove I ~i : ‘ I n  . Foi 2T t I l l  -- - I , I s - I o h i u ’ s h e - - t i  I l l  m i l l hi O h m - S m  — , ,t n cl 1 5 511

1 s I l l  ,Su ’ o’’-ov s ’i s -v s -I . Oss  Io i : m b  i , -m m ssamjs l i n s  bo s s -  i - ’i ..S 115 . 0’h 1 i m l l l o v s  i

_ i nd  mutua l  s’oup l in s  10’-’ is 1 . 1 sIR I l l, ! t ! l s -  u - ,’ s i ’ i i y - O t is s h s ~ , ‘ sh-s- is . 4 -

S I s - I m f s .m s , n s  i S O  , i i  t b i~~
- - - s u s - - ‘ i u ~~i I m s e  ! m i — s  for m i s s  I - “ di  - I ‘ 1 5 111  h O ’ l  0 ‘ - l i i  e 5 5

( I s ,  t i n — I  —t,Is ~~~s s is i S  I h s- m h m i , u I i l s s l  i ~n J h i 1  - -“ 101 I t O  to - - -  s i l l s -  il .2  h I S

‘o n  ‘ , l ’ o - l -ov  - - s -vJ .  fs 15 m t b i l t s  s h -  I I  S I S h I  i n . - s - I s t  ly e ( Ib i s sui- ,s I s  i ml AS

11 1 1 1 1 1  t l l s u  n l s - l b l - i !  oh  ,i e f sim v I t I s z  t I l e  j s s- I i s -d  ~ihe’ I oh i s - ‘ i l l s

I i n

i l l , -  s s s , i m i , b  r i i s t h ’ x I  i s  t o  t I s s -  .1 m l m i s k  b s s ’dinc I s  e u S t i i q L l s  i i i  svt ~~i l t  Is - i - I F

mmii , - I n - n i l  m I F i t  s - i i ~i i s ,  I l l s  ~ie s - N i  it s - S  t n i g e l h i s r . - \ - - MlO\\li p m ’  v u o m i - - l s  , m t - , p m s  ml

Ies ’II m r m i y  i l e i s s , m m t  P m ” ~~h l s  n - - n i - t i m ,  t l n i i f o r n i ( I i s t i i h l h l i l l ) u l  .11 SIc S i l S i b’ t h i s I l ’ I i s ’

s’, i t l u  - t e s - l b  - n  t t t  m m m g l m :  ‘

~~ 

. Mm , - I , b i ,I u , - l h l s ’ lu ’ i ~~n li t pnn~~1 l t s s  5 .1 s i i u s t b  Ii t u u s t i b l t i1ts

I 

41)

- - - -- 



s h 1 - -I s m t m l l l S ~ i lu  iOnS t s ’ n.~ h s, m s i  i ’ ~~ I s  ( S I . S j~ , ‘ i l ~~ 5 i t s  5 c _ ’ 5 l l i l l n ) h i  ‘ iv i e S  n . J

t ub ms ’s’flt ‘ s 5 5 1 1 s  . \\ h e n  ( f l e s e  t ’,V ’) , i s s ,  SIs t r ~-~~- 
~~n i s - s t  - b s h m i l l l  m i s  m s l  I ’ ~, h i s

F t ’ s - I l l  1l1 5 1 s s s f l l S  s i t n . ’ ‘ ‘  S - 1 5 5 ’  iS ‘0” ‘ \ t ’ S S I ? s ’ I V  I n - m l 5 l s ’ ‘ b f l n l i O fl , b  ‘ l ie

, o n m j n i u u u s 1 1~ s ’is t semis se ’ s s - 5  2 ’ . ii,~t t s ’ i -s F’s ~l a i l s ’ ‘ \  ~~~~ st s ~~~’ I l - a

e X , m ~~ il s ii l ’ s ,  - l i 5 i n  F 1 c h i c _ s  m S Ii, m l ’ , l e n s 1 i s t s  - lii is , ’ -  - 1 - , - I S ,  h i -mo-

s ’ l ) I l  1 , I - n I l  l ’ s Is) r e blOc5 t ’
~ s i l l  is5 - S h im 1 l o 051,  m -s .O - l oh I is 5 ‘ 1 ,

n. ’hes- 511 u I — i . 5;, ~~~~~~~~ 
- m l ’ , ‘- - “n u n s , s s  ~ l i i m m d s  , ‘i - l  - s i  ‘ 1 5  , m livs S ’ SO ’,s’ sl in

i g ui s  5. . 1 1 1 ~~ . t i : e n n —  s c t ~~m l  I s  ‘ l i i  5 , 1 1 -  fj ’,’ J o t  , j 1- - t r i t ” j n i , i : . Ils c_ ~~~~ ;

Li i’ I i ,  l~ ‘ )  n I t  - s~ils - ~ 55n.i\’ 5u 151 - 5 ’  is \ - I - i i  I l u t n i  ~ n ‘ ‘ sn ~ i - 5 ts ~ h lf i lobe  ie’~ n k

it Iliii t ll - 2 2  ie . - jo-_ li ’s l ’s . 1 1  - n ’ l \ ~~ I l l s  m i m l p I l t , t n S  L i p - F  os i l n .  ~o i ’ - i ’ ’ v , I S s  .~~~ I

n..1555\ 5 l,i ,. I - ~ e s I i m ti in u .

- r 1 - , ‘ sm m ~n t 5- p h i  15 ‘ t O n  - S  I — ~~‘ - 1,511 ’ - , ‘ : ‘ i ’ ’ ’ — - S I ”’ - - i s  I u 5 5 1 ’ i  l l l i s b s

I - t i  i n n ’ i s  5 — la,’. it l b S  - ,
~ - : ‘ s t n m , s m :  e n ’ - s i r , iN5 s n , 1 , s

. 5  - 5 , 1  1 - ii - ‘ 
- ‘  I i i  - , ‘I i~ ,_ I ‘n n . s ) 5 l t  i - n i  - i s ,  ~h , sI~api-

- u~ - , I St  - - .

i I i
_

i
_ _ _  

,i ’ I in ‘I 
- 

-
- 

- - b m 5  1 i i n ~~- 
—

5 
_ 

I - N - ‘ 1 5 ’ ’  - - 
~~‘ - 5 - - ‘ 5 5 ! s ’’5~~’~~S ’ ’ , 5 1 , ) i i sI ‘h

I ii’ in .’ 5 Is _
~ 

n I * n _
~~~i . - I t  - ~~ 1 1 1,1, 1 - a I l l , - I I ’  ml ’ -

P ‘ 5 ‘~~ , sshs  l I n e I In  n , ‘ - , S t  RI’ - i l  
• 

- - i 
~5 m i i -  - 5  cv’. I

I s  I ’ l l  ‘55 -sd -ml b ms’ L , il t s - s n ’ ‘ - - 5  ‘ - l~ 5 1 I i t l l tm ( ’  11 i rm i - i ” . \~ b~n ii I h e -- n -

I S 5 l ) l 1 i 1 l l i I s  - Ii O r I l ’ S l I  10115 ti ’ s 5’) ;‘ n u ’ n n l  n, s O ’ ‘ I ~n,5~ n n l t s i  i s I  s ion s ,

bI t her s bi t I h i s  I - - i t  t h i s  I - s t  i S ~ i , I t , 5 -. 5 I S “~ 5 5 :  s i’ ~ --i ‘Is - i  I Flu il u, si lo , k —

- - m l ml i n S  i l l  - t  i’’ - ” ss I - i i  as , - 1 - I , t p, r n ~ ‘ - i h - m i n i m ) i , t  lOSS’ ‘- m sb s I n  I l l s  - I h s ’51 51t

h t t l n i n t S  ‘ 5 ,  l l ’ J s l c _  - m ) . ‘ 5 m S ~~~~t 1 l I  S n ’ s  In.i ‘ s i , s m i n c _ - d  55 S s s s x l m I v l l l g  l 5 i s

5 1  S I T u , ,  I t -  ‘ 5 _ I t i s i :  ~ 1, h o _ I  ~I )  sI l l l :tvl oi ’ is n~~l f .-i 11 5

s ) !  0 5  s - n • ,, I n , , - i u i b s  ‘~ I 1 1 ’ ,s ‘uiN 5 1 5 1 1  5 I 5 i ~ l I s ’1! . In - i, l , l u l t , m n , t h i t ,’



- -5  - - - - --- -- - - ‘ - 5  - - - -

—•5 ,t,
_ 
I

-<

~~~~~~~

\‘~‘\~~-‘ -
~~

\\‘\
—_:

~~- —.
—

C
0 0 

-

IS

42

- -- — -5’ - - — -- -—‘- —- -- —----5-5’- -- -5-•
~~~~~~~

-- -5 - -  - - - - --- --



__________  ---~~~~~~~_ --- - -

/ ) 0 5 0 -  i i

I I 
~

,
I , I
I /

2 2  / /

_ ~/
“

~~~~_

1 SO A  - i n  m m m l  m 



s i ~~~~~ l
~~~c~~~I -

- 
f l/

~~~~~~~
\ / \

~~~~~

J 1
\

\
\ 

• 

/ 
I

\ \/ \/ \ -
‘ ~

- 
-

- : H k - - -

- - I  I - 
-~~

- I I 
I~ I I

- -

- -

~~~ t~: 
n

’ \

~~~~~~~~~~~~~
”

~~~~~~

- - 

~~I ’s ~~ ~ 

t~~~ ~ ~~~ ( / ,  ,
~~~~

- 

(
~~ 1/:

’ ~‘ Ji’~ \
~~~ b \ 1 s~ 

-\ -~~! 
L

~R 

‘

~
‘ Y ’ \ ’ / A

~~
i/
1~ 

R~~~

’ 

~‘~‘ ,~\ ~/
1\~ - ‘

/ \~J t ~ /“ Ii - ’ ‘1 l \\ 1\\ 1~)/ \\~ 
~~ / 

] ~ 

~1 

/ \

— 1 0.00 -7.50 -5.00 -2.50 —0 .00 2.50
‘TI ii T i Th  i r s - r C’ r ’ I r r” m

F 1( 4 111- . IV . N — F \ R  I - h E L l )  I ’ \ l T l S h l N  h~Ol1 lsI O ’f ~ b I - I S l ) l N (  Oh~ I w o  I IORS S .

44

- —- -5 - ’ — ’ -



~ - - - - - - - — ‘--5-  - 
‘I ’

- -
C

- -  - 

ir m n~~~~ i’~~
n[’

\
/ 

- 

l~~~”
/ 

‘
\

- 

/ 
~~ 

/1
1
~ 

, fl I ~ 

~ \

\ 
~ ~

I f \  ~~ ‘ 1 -
n 

\, 
. b

—‘-‘ —-— l - —  
~~~

— I - —‘ 
~ I

i i  I ~,
‘ - : 1 -  1 / W I

‘ ‘

5:_
i /~~! I  ‘~~~~l ! - ~~I \ 1 ~I I 

~
/ ‘  1 -

— f~
— — — i ’  ~ m 

~~

, 
‘
m 

- -

__i i—i - m In I
I 

- -

-

I I~

1 
/ b~ ~~~ 

~~~ :~ ~ I

l
l 
: t 

b~~

b J Y ~~~~

‘ 

~ I ~ I ~ /1 -
‘ ~“ “

~ n

- :0,00 nfl -~~ flr’ — 2 , 01’ - tn- 5 01’

II I n , . I - I IT 1 I i i ’  ‘sI b b ’SS\S i~
- i f , ’ 5 ’  1) 1  ‘ I h t ‘I~-, 01- 1 \\O I lOI-S\S

l S l s t X l F \ I I \ i ’ b  M ’ n, l -

4 —i

h. - - -- 
- - -  —-5 - -5



—‘-5—-- - - - - 5 - —- —_- -_—--5-- -- - - - -

0
8W 1 = B E A M W I D TH  OF U N I FO R M - I L L U M  API 815 )” )
8W B EA M W I O r H  OF T A P E R E D - I L L U M  A PL I)  SUI1 I 

2 BW 1

BW
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

2
8 t 8

B EAM 1 BEAM 
c: :,:i. :y~ 

\ BEAM

BEAMQ

- 1 8W 1

i b )  

3 d

,_ ,__

~~~~~~~~~~~~~~~~~~~~~~~~~~

___,

~~~

___ 
,
/

/
1
”

~~~~~ ~

‘
\
\ 

2 t B

BEAM 1111AM h I  n n ’ ,i (
~
) i ’i - m M  (~‘)

00
I d

2 

Ii i  ,
~‘sQ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ 

8W 1

8E A M  o o o o / / / \ /~
_ _ _ _

I - ipti r s - I’V , 17, Iic.itii P I s u i  t i n  I )i.i gr .iiii ~ I t  Ii i’sl k I s’e diII g 1 ‘1’~vo Ij s~i i i c t t u  ‘,

--Ibm

_ _ _ _ _ _ _ _  — -~~~~‘ - - - - -  -5, . -- -5 - - -- — - -5  - ‘ -



1 mm- s -n - 5 0 n s  55 5 ( I l l s  S n . )  — 5bIbO\ ’ s F SIll S sisiitu al i s I ! i I i I I i S i ’  u s -  -m l so hi - s - I s  v i l ’ t s b s i l l \

I 1 1 5 . 1 5 _ i l  S n S  l’I \ 5 ) 1, 11_ b , f 5  ssl i I S I S . ills sI ’ I i s b n 1  i-i _ m b  S s I ’t is l)I S I l l s -  s l m ’ ’ 0 l511 lOt’,’, l’ ss’b I

s i s :  ‘ ‘ n ’ u sl  ansI ‘~ h l u \ - :m s  ‘ ‘ -  I I~ u is t\’. 1 - .

( “n.)S’-t n \  - ‘ :  , s e  I i~~~5 \  s e l l I k , I s 5 5 s -  ss’ ls , - u s  5h o~~ 5 s-c _ sb - 
S s-es

l t s  115, 11;: c s ’—sos s - r I n - s u b  1515 l i e  l i u - ,~ s n m  c n i : u l i l t i t p  l sn s . 1 1 ’ s shep~ tuiI ,-it i

O n  I l l s  P sIlb’tei SS ’lt i ,  s’ s i c _ I t  I l l s  l u - s - sI e k s l n s ’ s b i  . i i ~~ i n t l ansI si-It ci ’ -S hs’ lit ,- ‘silL

‘-5’ , I t e n I I t l , :  001 S i \ ., I I S S I F e  1\’ . 17 s I l o \ ’ . s  t h i t s ’ s ’  j~~ 
thIn. s-sass of l s -s ’ I I i l ls s . I~, , i ns

s’ , l - , S u u u ;  1 : 5  l - t ssiii ’ss I’s • 1 ..l sinS l’s . I .h i i s  isb sn t i n. - ml I m i  the case l ’~- t oin ‘t os’I,

Ses sIONS is - ‘ (Sp it s iI . 5 ,  ass , ss’:1h cI:me ~ ,m = nisl i esitu - s I t n  I 115111 ’s l’s . 1, . s u s  -, l ie

illS - s i m , , l i s l I I I  t ims S n ,  Iii s s 5 i t ~~I t l I i C  nssttri~-,; this -rn tos s’ , I ts ,  h s m r~’m ‘- s \ l t c I u m n ~ n s i t n i x

los I IgL in e ft. 17. e i s -  d i i l u ’ ns ’nt from t h u  110- I I W O  CL 1s- s  - - . Iii l I 5 i b F c  S

l\’. I . a • I t  Ha n . s t S I  h orns i l ’s block - Is-ui together bs’ .m n a g is  - i s n  . hs.iun sc_-pat’ation

I S  : I S m v n ’t l liv tIN’ i l l  — I _ I l l s - n. ~~t t \ s’ l’n.- m ’ sI ,‘lernent — p I l e  b i i s  = -~ l’h s ero ’- - ’)v , -F li ’vs’l is

5 S: . IbeJ i’n s n i i l p b b 5 i i ~ los-s is ii u ’t~li~~ihIu’ Nee,i us u oh t h e  in s ’rs ’s I s - u  of s i i r e c t i v i t v

‘i i  t h u  hlos’k —Is -s i ill tti l i l l i s i t ion butt s-fl)

In I i m 5 l l i c  IV , I T ’.l ’ , s-i s l i ‘s’s -sI lions is solnus - et isi m m  t’svo hs-jn’i b~~ l ’bs

I s  b u l b S  h i  a -~~ dli Iso’-. s r ibis isIs-v. bk- sins si-5 l c u t  ioti i s -  lio\5’ 1515,511 h\’ silL li - sd s’Iu’n u ~it

— 1515105, and tlus’ s b ’n i - - -- n i s s ’i’ ls~ ’ s’l rjs,’s to 2 sb . ‘l’Ii, i s - , m m - i i  s’oujs1it i~ l o s - —  i s — 3 d l ,

ss’lii cli h it s - u’ s fnon-i th c_ - 5 bb - pos’ ci l os-s i 1 i r n n m i ~b - t h i s  psi’,- :cr i l l s  ider .

In b im, ~ui’i- f’s ’. 17 . s’, si f s , ’S I i OI ’bi in t l ,  hs’ -- \ -  I l chu i -d  t o  s i l l s ,  I ’ m i l l s ’  ol’ i b m s

m d j m  s - s im s I ~‘ ; , i— h i s - i z i :  s’ oil~ - i i n i n p  Iu v h n i d s . In O b l e  — 5:11 cI’, isu ~ position , h,- ,iusi I is

55 - f l u  I I l s n l . i t  Oils sx~t f l a f l s - s  th is ’  s s c i t cb t in g  op ei ’ l i ion it I h e u m s l’s . I —
. C d o — s l y ,

i t is i p f ’I l  m ! i t  t h a t  l i d s  — - -  i l c h i i t i g  po s ’n m bi o i u  p 1’ s- s s - S i t ’ -  I l l s -  I oi ina t ion  n i l  I’,- _
~n; 2.

l It 5i lis I II , ~s’ l i  s l l o f l  oh oh s’ h u m S  p ievet it s t s ib ’ n U I b O n  of i l ls ad~sis ’s’n t is - s in -i s .

I bis -  s ‘ m i = — n i i u ’ F  I s - vs - I  h is-I  ss. s m - u i  hs- , m m m i ,s in  I i~ -i~ ns- I ’s . 17 . c is 2 sIl l , and

(III . I ’s -mis s - eup i l i m ~ to —- - 1(1 i’lls i,it eti t o  sp ill ou t’ and niu tu al  s’oup )ing is ns’gli gi lals ’ .

L 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _  _ _ _ _ _ _  

_ _ _  

_ _

- o

- - —
‘ -5

— — 
- 
‘ ~- “ m U L M , 4  ‘4115, F ,  ~- n n -  -

/
2 

N.

- 
/

_ 
\,,_ , S

i

= 
p

5 “ -~~~i —  N
‘,,,_,,,, - ‘n . nn n - ’n nm , , ,  - s - s i t

- 
‘ 11.5 5 3’ ’’ )F s N m !  SM

n- n - lv
- 

L ‘ ‘ d - t ’ -’ ’-l VI- ” F
- —Y _~ 

- - - - - - - - I
- ,_t—__ _ V

t — n - n - ., - 1 1 5 — - -..-, 
-

s S

- - 4~
- - - -  -

/ ‘ ~n , - -
- \ I - ‘ i— n’

t/ 
5 n I  - m n -

- /  I ‘ I
— -—--I ‘--5 -

/

/ - I
- / I - 1 -  U ~5i
I I - - ‘ - - n v-- n _s-i
I , -L  m m i

- 

/ 
‘

\ /
-‘

~~

~ - n - - -_ , n n  , , j  ‘ m f
- -‘- - - — ~~~~~~~~~ 

S - - - ‘ 4 1 m i 1 ’ - ,  - AS!  ,-  - - 1
- ! m L Li ’il’ A ’,’ Ej ’ ’ u i A i I N . - ‘ I i i  S R C - ’~ n - ’ - ’ , , ’I u -

I~~n ’ I I r ( ’  l ’ s  . 1 i~. l h i l ’ , n n , I l I t , I I  ‘ I i i  i lti ’ ( t n ’’ ,’— ,n ~~n - I  L VI ’! I , i ! l i I l a I I t n l I  l I l t ’ It .) RIoç k, I n  ( ‘ 5 1 1 1 1 5  

- -5-



It h e .i INt r ent t ’ n i i  s I g h u  n. l ’n L  ‘-OVi F Iu ’V , - l  n.n.iSl hi ’ -m hit t - .i ’,~iu’sl s’ it ho llt  55 s l t ’ F i l l S

Li i’gu- hesiin i’oupli 11 5 loss it s S l l l S  I m b o s  is l ’,- ,-S h i -s n b n p n n sI I s 5 h

‘55 1 slttenn ;iI ’’. is s1sjdn.- to r u ’s h l Ic , ’  t h e  s ros~~ovc’ F Is v~:1 by isie  isi O 5 S ~’ t h i s

es - i t  51F 5 ’si5 el s i ’  a ~~~~~ l i t 5 . Ii s- 1101!lst hi ’ h o t s - S h a t  cl’ossov’n. - r leve1~ 01 2 to

4 t b  dsilS t i n  - ‘s ’t  ~sn , 51 iOi tIle 510 1515 en. - m s s o s - s i  ea ss-  b m s . - i s’~-~ti -i s ‘ i i  v s m ’ ’ -,~ i’,~ eL r t s

coo, s- - ic  --n i- n. - ~sur - .  - ~ 2 . a . s H i n -  itts :l - spt \‘;a - . :t~ - -s .i~~u e s s i ’ : b  b r  t lu s  Isl-o -n-~s

f’, - - , - m h i s m c _” CISi:-tL 1)5 - 0 -U Sc_ ’  ‘he  c i ’ ) S s n s ’ , ’ei 1.-vs-I r c s L u s l = :  ,5~ -~ Sb s ’ : l l m - ss  c ieus ;s mu i  n - p J s s m n e

l S S C T u S t n- sl ’ to Ii , 7 2\ . b I t s ’ Sr: st m t i o s u  - i n  s ‘n i — S OS s O  Ic _ - vs -i s l O e  (C t l L s s-~ n. ’i 1u . . . n~~

b lock f, - t ’ m i i s s g S I  U Is - - y b  s - n - . ismn , r c fs - r r i : u s s  In -’ ig ’t b r c _ ’ l ’s  - I~~, i l l  ‘ v t i i c h m  ( u s e

mp s ’i’t i : u ’e c : ( — t s ’ s t ’ s : l s , n s ~ ir e- sl’o ,-;U Isv u- i s - ; ~ ,, - :5l s-p uelOss ’t sf0 , ~2 ’., t i . rs n .1\ s m i s h

S . ‘IlL ’ angular Ss ’fln l l ’,i t i O b i  m ,’tW s-(’O n-i  .1- , , ut 5 l ’ s is i i ~ I s I s -  I s i s  i’ ss l : - i ; -ml  SV I Ic _- ::

this te ed s s l L c 5 l I  -‘fk, n I’iiS 15 Sin s 1’ S i t s s S I  l r on s  f~. — ‘s 1 5, 0 . 2 ’s ;  l:o s- ilj y i  s , r l se i ’c is-

:1 s’O SS - -‘ :so nsh inr 0-idr ’ :, t - e  iSI l’ n ’siuiI ’-,V n -ltS il sis t~ tIle SOL ISi, I5- s ifl .mn .pl l(Siiis t -si y’ I lIg

O F  I l s e  b tFCc l ’  cL- s~ ss :st sn ,s .  isis . \;~;i .4:’ ..s:rI’ ,, t I m c  ‘s’ s m s l - ~ : , m : s~ u s  ‘ -s bs. : \ ’ : I ’ I t h l

ca4iccls s-mt  t h u  incr c_’a - - c so i S c _ , i S :  - 5 l -~ - , 5 i’.u t lo:s ~- 0 t - _S 7 b -  c_ 0-5- 05 5 ‘ I L -  :1 1 - I -
~ s - .5 -

d lv  : s s a s ’ . r - 5 .

H b - ’ po - :-- th i - - to ob’t . : :o ci - ov~~os c’s ’ Ic _ ’5n ,l of :~ ss 1; ,~~s 2 sll7 i;v ss ; .p~o’:tng

t h r n -s- - i s l , n fl t. - for  ca, !s L1-scs s n . :  gI ’ s:p 5 - 15 05515 10 5 , I ’ i r\ . l m n . is

sin~p i i i : i s l s ’  :‘_ :~~~~
‘ p-pI : _ d  to N m t l i ~~ - s - I - s O t  1 L i’_ SS u - _ S O  :sn. ~as’s e.b to :sioL -s-i

,ss5 . s : ’:- Si - -~ oH: ;: “so . b ’ : m : s, his - r ij :s  ;-- :t:- 1555 CL ,n .is, 

s- , - i ~~ , t ~~L sCL’ f f b d l s s t  -:sfbh .2.7, b i b S , ‘ . 23~ 1 , 5 .  h = csl n. - L i , , ’ 5 1 - t  OS ’ S SiI ( i SVii  m l :

~ . 2 1) . ‘Oh s e :os~ ovs-r I s - v u ]  is 2 . 7 ~lb , t u s h  i t ,  s i sbe lohi ’  n 5 b s -_ S  S I - .

- - - 1 h n ’~ l S u m S m I i h ’ b I S  \\‘ c S i S S i t  1 5 1 5 - - 5’,’55 ’ ( al so  : s v u - n - t m n s a r , - cI , sI l lS t h e  t ’s’ s t l I I t - - Oil “)s-’-OVu -i

soi l  s id s ’lOt ’l -  Is-s i-i i i ’s - ‘‘is - t i  ill ‘ I i i ’ I m  ~~~~~ t 5  i.U 1 n i -  , i I i s - c - r~’~-d t I s si~ ei’ o — :- o v s - s ’

1 ’ ’ . s s  0 1.7 to 3. 4 ( I i  esi m s b u s -  - ‘ 5 - I - l i l i e S  u s i m b i l ’ , . liii ’ hi g h s  i d i ’o s s o V ci I s v - I - -

mis SI CSOT’SIi .liIietI 1w h i 1 5 s~s r - n i m ii- l ob x - s so 1 : 1 1  r es i  --I I , ’ t Ii u i - i u~ ma’,- he

4 ’) 

_ _— 



~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

>- I
is,;

— 
n ’

~~~~<L ~‘~T—J 0 2  1—
u_ 

~~ ~ 0 V--I
w uj~~J 

=— _ -

W LLI If )
- 

L~.J 5_S

/
1 

/ -
/ / - (,I;~

- ‘ _ _ i—- —
-
~~ 2

/ n~ 
‘

~ ~ I -
~~

/ ‘,. I— —

-
~~~~~ 

~~ii~~ 
. ~~

>~
-. 

~~

~~~~ � .~~
,
~~:~~~~~

_ _ _
_ _

~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~

c~~ < 0 Hc ~
w w 2 0 0

-so

---5- - ~~-“- - - - - ~~-— -~~ ---- - - - -5 --- - —- -5-- - - -5--



- n s s ’ ~~ 
/ \

5 / \ _  
I --

I

i ~

_ / _ 
I,~

’ 

~ 1 í \- 
- f “ ‘ n , u lu ~ 

u’ ‘ - ‘

1 \ 1 1 1 

1

I 
, 

I - -
- 

5 _

_

I 
m

1 1 - 
- 

-

— - - ‘ I t , S 1 : - -
- - 

- 
- I ~~ ‘ I’ -

- 

/ 
/ 

~ 
~ 

~I 

I

I

t 

I 
I 

I

- 

- 

I i 
,

~

I -

~~~ 

- - ‘ 
-

I - 
I -

- 
- ‘~ -

rI - - 
- 

- S -
I - - ~~~~~ , ,

‘ - - I, “-

- n  I m l  ~~ ~~~ - ‘; • . - s
- I - - ‘ , ‘ ‘ — h  — —

I I ‘ n i ,
- ‘ ‘5 ‘ S  ‘

~ - ‘ 1  I
- - 5 _ - 1 , I ’  ‘

- - n - I , u n  ‘ I, ,
I 

- • - b  11 , ,  , I I , I 
~I ’

~ — ~i I i~ 
- t - 

- f - n , i , ‘ ,
I n  ,~ I,~~ : ‘ _ ‘~~ 

I~~ 
I I

I~~ ‘ 1
‘ 5 -~~ n I t  ~ - l ‘ I I  1 , 1

5 , -

I I 

I 
I~ I ~ ~

‘ h i
5 ’  I ‘ “ : - ; l ’~ 

n ~ \ -  ~~~~~

S 
- 

, - i 

~~~ 
b

1 Li ~~~~ - - 
- n -  

- 
n~

b l ( 3 k h ~ I \ .2 0 —  ~- \ I ~ I I I  h , I S I ’ \ I  h I - . R \ s  OR
111 01 K I I  I h m h \ ~~ OI ’  I I I K I  I I  l I t ’ s -s .

51

- - -‘ --5 -5 ---- ’-



~~~~~~~~~~~~~ 
-5 ’— - - 5 - -  -

i’~~ ‘
~~~

5 I n s i t  IsO I i i  - I t S  01 m m l  s - i , I  , 1  01 ’ , IIh i i I I  - - S m, - . I hs Si ~~ - l ’ s ’ , ’ :, F ’ m m , , 51 I ’ I u

e l s l l i t s ’i mt  h i ln . ) s l l~~ s ’i h i i I~ des ign is I S s n  , i n I t 1~ d ss ,n : sp i s  X I S n l i i  i N n  Hk s el s b I ~ ’ In b n

, l oIlh i ! iL ‘sib t is l l I i ’ s s i i u ’ i ’  n i l  I’ s i i l l i r , L h  f _ - s ’ m h t n g  C l e i S in l u m  5 1:1 i ’ sms - bu p i l l s - i : - ,. ‘511

CI ’lisil ye sn. N-i :, - OS ‘I ’ m ’ , S i l l s  bios I, L I ’ n I I I I 5  i i ,  bIts 5 ‘ e m i t S  ~ W i t  s n i l m IS S t  Sn I S I ’

,ibs ~i l ’ , t i l . i h ’ - - I u s  S I l l  ! m c S i u c u s n = n s i u i s r t h u c _ ’ I ’  I ! ,  inn ’ s~’ - -. s i t O f l - - “ 1 s F  t h i n  ‘ n

=\ , hlu ”ln , I i~~n I ’ I 5 5  ibs n -i n -- s- 0

I si3 b ,l - 4.1 —51 \1,\1.\l~Y 01 ROS,-C\ h ‘-, \! ‘  s - h u h - b  0151 ; 1 - V h - .h -oh
i ’ bhI ’ sFl -Il0I0~ I - , 0th

I \ i i m l s l i t i j s b n .  I - l i i

— ~~‘ ~~~~~~~~~~ I l l  ~~~~~~~~~~ u I ~~~l t 1 I L  S s i s m , h  I s  
——

I - . a m . ~~~ , —~ - - 
I .1: - i , s hi  -

2 
- 

1
0 .2 - i- . I ., . 2 -  s .7  i l l -  

I 
2 11 5j

1
0 

. 2 t m . 1 . , . 2r 
- 

3 i ~~d i ,  I

-s .1 .l~ 3. - S 1I I -

- 

I l l . -  i_ u’ s- m - l s u  I ‘is- i Iphl i l s ’tl -

‘ s i l t -I s I ) s s t gt; fo r  I - _ 5n 5 ’ ) V m  tm , l t : m

1 . Radia l 111 5 m u - - I  S e  1( 1 x 2 , t h i n - s  - I n ]

2. l n t b l h m n . m \  i’ s l s h i u i - i : h , - , = 1-5 .5’s, h 1 = 9. 7.5 ’—

P i c k u p  ip -~- t ’ t i I  I s  Io~ s - n ’ s

4 . ~- h s i x u n s - n s ,  S C - i l l  l u sh 1 t h i s ’  p i J i b  - i lm ° ( I n ) ”  ~ i ) s5115L

Se-,I l i  S l l S l m  = l b  . s- ~~~ 
~ m s  

in  .15 : 10 s-p , l~

5. ‘liii ’ horns  i i ’ s’ s- b l iS s - l b  SO that  I I I ,  I i  hi - s i l l S -  111 s j 0 m p m i s  in sspa s

52



_ _ _ _ _ _ _ _  
_ _ _ _

\ ‘ . \ I : l I RN - \ ’ h h - : N11 L ’I ’ [ P I J ,  b 3 - - \ \ 1 h  O R \ b l N O  M,- \ ’ l ’ R I X  ( ( ‘ O \ N H R \ I . \ h . I )  LI - ; N)~~~

h ) s ’ s -n . ’  L,~~~Joi i  ol’ t b l c_- \ i l l l t i p ls ’  his’am (I ot i s t i ’a i i i s ’mI  Lens

It i —  \ - . s l l  ki ln n\S mi t i m _ mt i ’ ,-tl s’s’l mi i ’ a l i t s - I m I l l s - ’  i - l i t hi ’ e s - i n n s - s i  h i s  _ m i l l ’ ,  ‘- I ,  ml

t h i — 1 1 h , I i ’ n. ’ l l is - i l t ol l I m u -  f - s -m h . Iii t his ’ s’siss ’ s i t  a sj i b u s ’ t ’ i e _ t I  I ’s - O s - s i - m I ’ , sl ’ ) his u i s _ mI

. th i’r i - ,it ion p~~~~s s’l ’ l ’ n O  c_X i s-N i o F  all  ‘t i n . i 1 1  , l t i i ~l n i t . I los’.,  s s  I , t his - scj i i t i s t hj e

m ’ . I m m , 5 n. - is I h l I i t n . - I s t i s 5 m ’ . \V I t , ’n  ll ’ctIl\ ’ l u s m i  b m o t ’uus-i _ i t ’ u b m e : t t s m b  I i i  i m n m u m t  n i l  t h i

is _ f i s t  I ,m F  I , n  ino’ i s s  i ss it i tt i s h - s ’ , m s m s— , b h i s ’v eiu -~s’ s tpet ’ t h i r e  hJ ’ i~ k , i~~e . In l5s ’l i et i l ,

h I l l s  l l m ’ ! m b n. - s : i  I s  , m s- s ’S’ e i e  I t l s l h t i l l 4  t i t i n l i  ~vhs’is tI m ,- Ilulsiher of f e ud  b m n I I ’ l t —  i s

l’s iO .1 t y p ical  niu lti p is- h i s- s i l l s ~I u I t u  t i t l s l  Sm -

~\ - - ur m mls s s i l sml io n  i n >  t h u  iSis ‘ h u l l s ’ l n 1 n i e k i~~s j s i , i t i b :  i i i  is tbmi n i l b - - s ’ t t 1 n ~ n i l

I t s ,  Iu’ s ’ib I \ I S  5 ,  l ’s’sbis’Ct I- i  t Iii ’ i’s - hls’cimil . Oh s s ,  u s o i l m I  i o i u s  I n )  110 ’s  don is ~~~ hIi’Oh uIs ’isl

m m v i ’  h i en ihevs ’lop ,- ih liv b h l l 5 I I e s  ,\i l , I ’ : l t h S ’oiiip lli V i i i  l i i i ’ 131 b:VI’ , t S ~~s m m n : l
4 
and

Ste s ~o i I S  m p h ’ I ’ . .1 Ill i oust l’ J j i i s sl I m - I m s . lii t h i s  1 1 1 1  ,\ I m its -un m , ,ms ‘shioss-it in

I o u r s - \ . I • I He F I ’ , i  V of l u ’ s - m b t - i I m l - - is i i  - m n !  I m m l i  -‘
~~
i u F u l l 1  0’ 1 l ie  .m pp l i c , t t  l o l l  oh

l i i i  I e l s ,  i s i  I i  p i I . i  i i , ’ 1 1 1 0 1 1  i l l  S I l !~ ~i i ,  S l I m S  . 1 Fl - _ I  S . I i i  n t  S p1 5 ’x i nm, ~ S i t  m ’ ~ oI ls

C c _ f l e e  01 C l i u t I l s i l ’  I’ i lj l ’t su h i s s l i  is 51Si~ I ma t ’ I i j l i s - l s i l ” -- i o l i  l n ’ I h , n  ieb]es’i n ,i i ntl i l ,

o i1 s n i ~~- n i s m I  Sil l s-i ’ i s  ut e s ’d  to  l ’ u - e s l \  s t h i s ’ l ’s h i s  n . s , i l  - IS s ’ f i o t i t  I i o t i i  ( l i e  i s f i s  u l o l .

‘[his iL - s - s ly , ’ = i 5 m l a i s  I i ,  II ’ . li s ’ - : m  i 5 5 -  , ‘ b - i  I t i ’ . l i i n - i s  i i i i  s, nil  i i ’- i ’ , i i b I , l t h 5 i ~ i m i t i n i

b l i s s . E lm t h e  i s - s l i t  h i t s i i i  i m ~~: s O n ’- I F  ii ’ is’mb i s  m i~ - ,- , : s t d u  is ~~ i h l s  .1  sl , - i Iv  iltvs - n i t

i i -  I I I 1 I . \ F l u l l s  (is’, — I s o s . s i  i i i  I i m ~m i i  \ ‘. I I , i b i s  S m i s  k , m s ~s’ ;~ t s i i i i n . ’t i m j ’ s  iS - O n Ii ’d hi s ’

n i- i l i n  t t ii 4 h i s  s~i hin.  i b n  1 i s t ’hs eti)l ’ l iv  5 5 , 1 1 1 5  n nm l ’ s ,’ — ps~~~m ’ le _ ml 510 - SI ’,  ~‘SI t b i s m - ’ — s s i t ! u

- i 1 i l  m l  i i l t s ’ l ’ i ’ n i l i h i n .  s Iu i u (  i t - h .  - . ~tm 1 1 1 1 5  l f l I U I 1 c _’ S  , m m l fl n.l,-s [i’m’ s - sin 1itn. used , t - —

i m  m s h l  i p l s ’  On.-in s l’s,St lies-

I b u m  i s  u u l t i l i l  s h i s  ,I lsm C - n ’  I s  m i l l i ’ S  l i i i ’ 1 5 5 5 5 1 i n - sI i n  l i i i ’  j~ I s ’ss’t i t  lOp 1 b n .  ii I

; m n i s ’ , ’ m l i n  1 owl, \ . . b - s - sn  s b j : t h l s , i t  i m P l l i e ’- t h i s  Is - i) - -~i ’ I - - of — h u n .  O i l  p illh soxe-’.

-s

- -  _ - ‘~~~~~~~ ‘ --5— “ - --— -  --- - - _-- -- _--“ _ -



- - - -  -‘- -5- - - - ---- “—

~~PH~~RIC~~s
i’i~~~5F \ , , i (hT~-

7 
~~~~~~~~~~~~

I
~~~~~~E~~~~~~~~

’ H
~~~~~~~

I

/~~~~ � 

‘

~~

TO ~~~~F~~~~~~
--’s I I I

I 
/

V- ’ “ i /
S 

[~~~E P ~~M / ,

M h n . T R, i Y .  ) - _ 

-

- “i’-

FR ;LRI - V . ! -- I I l k  11111 ’ s  1 ,Y, I I  N\ . \ ,\ 5 .\  ‘sHI Ll 111, 1, h i l h \ \ I  I l l  ‘ s U N

54

_ _ _ _ _ _ _ _ _ _ _ _ _  
--‘---4‘— --5



‘ ‘~~~~~~~~~~~~~~~~ ‘ - - - ‘ ~~~~~‘

~‘0~~ -_ ,,. I O
‘1 ~~~~~~~~~~~~~~~

( c’- ’ ,

I ‘ 
‘

~ 
~~

~ I L ~_ ~~~~~~~~~~~~~~~~~~~~~~ 
- 

,‘ V~~~~ 
-

- I

~~~ ~~
‘
~~~

‘ u r, -

‘_ ‘‘I 
I - -

S 
-- ‘ L- . - - - —

‘ I

5- .- —
I ‘ I

- -s -  —

~~~~~~~ 
-

~~~~
-

~~~~
- - - -  i ‘ - 

‘ I
-‘I ~,1 ‘, -1 

~~~~~~~~ 
—

~‘ T7~~ ~~~~~~~~~~~~~~~~~ 

- ‘ -

~~ !t-  

~r ~f1 /  

~~~~~~~~~ -

-

. 

—

t 
-

- / I 
N 

.
-
~~~~/~ 

N 
/ 

~~~~~~~

~~~~~~~~ ~~

‘

n

T Y ~ t (i’s I

-
— 

T ’ s l  L . .~’s- ’¶— t- L ~~~~ - -~ I ‘ ‘ ~~ l \ l
P I C K U P  ~ 5 h ’ t ; I ~~

R~~~~iu  R

- - 

~- i + , 2  - (
~ 

t R )  r~~r fr5 ‘:0

IF 
~-m ’s P’RE

HGE R I  V . 2 — ‘ 1 1 1 k  ‘1 i ,]’ 1PI.1 -~ H \ ‘sl O~.5I R , \ h \ l  I )  I l ’ N

:m -

_ _ _ _ _  .~~~ --“
- 

~~~~~~ - “ - - - - -- -5- - - __-- - -—-- ---- - - —  - _



r~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~

--‘--- _ -

Li -~

__  __-- 

~~ h

~~~~~~

I

-

i

~I

- Hi
_

_  

H
-

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~-

-- - 

- -

1~

L ‘ - - -5--



~~ ‘ - ‘ ~~~_ - ~~~~~~~~~ 

It shari’ s t l t s - widch and i-h ia rac t i ’rj st  n . e  of ths -  el m s  ks - s I p il ihox Si-sign in tha t  thI s ’

hi s -a u s-- (10 not scan wi th  f r c_ - q u e i l s  v . It h a s  th is  i ppa i’ i’nt a m l s  i ll t SmiSu’ of r e q U i r i n g

fs ”,’n ’i ’i ’ s’or lspolicnt s ; hoss’,-vs i , t li s ’ r i-qui l ’i -nui’ f i t  of in t i - r s ’olln s-cting s ib is’s lms - t s ’ , s ’s - i l

the two sp hs -ri cal a rravs r i’pr s’ss’nt ’s a raths -r si 1 ni f i can t  sI i s s i s h v a m u t a i s - .

I] . Optin~~l Selection of Li-us Pai ’ams-ti ’rs

‘liii ’ Si -si gn cons ids-i ’ation of 1,-ne optics is parallel  to tha t  of t l is - stacks-S

pi l ihox . In fact , the phass - error d i st i ihu t ion  of this ’ sp h i ’r ica l  Ic_ -n ’s is ids’ntical

to that of the p ihihox when the proper equivah i-nce is rnadc’ on t h e  d i s tanc , ’

s’,ir ia hsl s’. Thus , the ‘ss’Iect j on of R 1, R 9, ansI 1)
3 

( e s - s Fi gure V .2) follows t h e

design data in F i gurs’s IV . 3, IV . 4 , IV . 5, a nd l’s’. 0 . ~-\s sb-town previously,  the

eiossos’u’r 1, -vu -I can he adju sts -S hy e ith i - r v a r i a t i o n  oh ’ f eud  horn ‘spacing or the

aps ’rture diam eter over spher ica l  rad ius  r a t i o . ‘[h i s p iocedure  has b een

follow s-cl and son-ic i-car’np ls- c_ m c i - s  Ilas’ ,’ hi-e n e~ud i s - m b . In Fi gure s \‘
. 4 , \‘

. 5, and

\‘
. h . the ra dha t i ois  patt i-n i ’s for s-ios -~ovs-1’ 1,’v,-Is of 2. 2 sIl l, 1.0 d13, and 4. (1 SB,

l’u - sl~~’i’t i V e h m ,’ , , t i’s- - - ‘ u os ’ :mu ‘ [hi’ ‘-j , m e l s ) h s  l u - v u  I for all  i- st - ‘s ’s is shout —14 dB;

th u - i s - b o r n  , a skh i t io t i a i  sisls- lohs ’ supp iu - ’ -- --- i s i S i  Nv means of hlos’k ts ’s ’ m l irig Oil 1’ s-s i  ‘- t l V s

taper ing  i s i l - n m )  r s~lu i  ,‘d . ‘Fhc ds’ps - lu s ls is n of heans s’oup l ing  loss on CiOssOs ’ u - l ’

l s ”s’ s ’i i s shown its Figure \‘. 7 . Consparison i s-’ nsads’ h i m  t \ ’ sus  mu t l u i ’ s  d i- s ign anil other

po— s-’ ib ls Si-sign ’s such as t b - is - llutls ’ r matrix and th i s -  s b e s i i n s’issp loving sta cks -sb

pillboxs’s . ‘[hi- r e su l t  as obtained by St c_- in 3 is a l s o i i ic luds ~I f oi c o r n p a r i ’-m s i m .

It can he ohserv c_~l from Fi gurs’ ‘s . 7 th at all curs ’s-s sv itb i t hu  exception of tins

s0- ’s’ of thi ’ sp h is-rica l constrained lens arc’ very cb s’ - togethi s-r , wh ich  ind i esit

that  ths ’ But lc- r mat r ix  and stacked p ihll- ioxs ’s unds-r opt iusum c i r c u i t  i r l a tc lu ing

conili t  ions a is d oss- to j-i i’ rf s-ct  mu t t ipl i’ hic’aniforming l h i ’ V i  s u ’s- . ‘liii’ sp bi i - r i c i I

lets ’s a ctua lhy is  :1150 s b - -c ’ I n s  t h i s -  — 155 1 - i ’oiii l it ion . ‘Flue in s -i’ s- si ‘-‘s’ in hi,’ans
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coup ling loss of ipp i ’ox inu t s ’ lv  0. 4 dli for the sp her ical  ls’ns ir i s es  at least

in p art  fro m th ie fact that  the ap cr tur c_ - di s t ribut ion gencrats-ci h~~ this ’ ‘-p lus t ’ iea l

l i -n ’s poses-ssi ’s s l i g t s t i v  stFomii 5s’i  ta per in the diagonal cu t ’-’ throug h th e aper tu re .

liii’s s I t s - i t  nk I l l i t c_ - s t s  in ths ’ low sj Sc _- i oh - i i ’s -  for thu s case . This fac t  can be

obscs rvs’d by comparing Figure V .4 to IV . 11 .

I ’ . ‘s I s th od s  of I~ ’ovisl i ng Sidelobs- Control

Sidelobe suppression N v means of block fs ’s’ch ing and r u - s i - -I ly e  ta ps -r ing

can bc applied in thu sam e manns’ r as sh iscuss ial  in Section l’s’. L . It is

s xps ’ctei l that sin silar tradeoff in e s — t e r m s consplcxity and ant enn a e f f i c i e n c y  also

applt s- s in this- I- irs ’s -s-lit  s551 s
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i t u - s i l I s d I  1 - 0 1 , 1 ’ u I i - i l l ’ s I .~~~~. 
i ’ h m ~ lSll ’’jieF - n  ‘ i , s 5 s . e ~ l , - ( l r s , -sl I s-i ’
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I i ,  i l l .  i t ioii - . I I - , C 5 , - ) t ~~’ e i s I ’ , i ’ s m, s--i u m l . n u :  t m ”  11551 1 5’, s h - s , - ‘1 .s I ’ e s l  u l s c _

ci los ’ b s -:iss ’ 5 . h i s ’ s ’- - ‘ i - - ~ cii : hxs s~~~li ‘ss lc _ ’sl ~ , ~s ‘- i s s iu l l  : l ; lu ’O i l ’ - S ’ s  l’s -
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An al ts -rnats ’ nietlmod of s-si ’ls’ctiJig two s iniu ltans ’ous  r e e s - i v e  bean-is i s

sho~i’ii in i ” igure  ‘s ’I . 1 . c . In tb - ii ’s dc-si gn , ths ’ N inpu t s S m l’ s -  diviek -d in to  ni g1-oups

of n bs-an’i positions p ir  group (mn = N). ‘Dii ’ f i r s t  level of sw i t ch ing  conta ins

ni switc lun g trs ’,’’s with n — i  SPill ’  ssvit s ’ bms - s  in s’acli t ri’s - . b ’ bmi s I i ’ s  ,‘i s - u - I s  ct

one 1-i s-am position for s’ach gi-oup of n inputs ri -suiting in n m  m.) m l t p m l l  fro m t h i t —

s - -wi tching  li -vs- b . ‘Ills’ second li-s ’s-I of - t w i t  ching sc’ls ’cts ons’ of thIs ’  tsi’o r i i s i y e l ’

s w i tc ’ti i l im, S  tI ’ s’ ,’s for ,-acl i of this ’  in l u - m d ’ - , arid this thui ’d b c _-v s-I of ‘— s ’ . ii s t u ng s I s - s  i s - .

on” f t hic _ - m Neon : position s-s for s’ach of h i s ’ ts’,-o sins ul t ans -ous  rs ’cui Vs I ’ , in s ,— .

33is’ si-conS and t h u u ’S is -vs -I s-s of s ’ s ’ : h t s l m imi i s  ,m i’c i-nt ii ’ s’lv sinabo s~ous to th i s -  s-su ction

ms’thi od of I - ’i guru ’ ‘ s I. 1. Ii , w i t h  I i s  u - x i ’c-p tio ls t h a t  t I ns  input  has in l s - ,ids i s i - ’t , - ,IS

of t h u  N is-ads of Fi gui ’s - \ 1 . 1_ h . I l l s ’ nul su j) s - r of SI’D ’l ’ s sc i t  s - hIs ’s m’c-qui i- i’d I l l ’

—u_ -i s’cting two sin -nub t ans-ous i ces-i  Vu’ lie- an -Is u s h m m m s  this’ gr oup ing  i i  - s - I l s s x b  of I i gure

‘s I. i . e is  N ’  1 - (2 f l )  .t - 2 . ‘i ’Iu s r s-q ui r ims-nt i s  l i e_ i  i t s ’  u i i s- I  si r S  t s l l I l r l ’ J ’ e l ’

of s ’ ss - it i ’b iu -s’ r cqui rs d foi ’ the nut i’ix of b - i~~ui ’ i -  ‘ s i . 1.1-i s h s- p m , - n s l i l s s  mai m l ’ s ,  nllns l is- r

of h i-sini- - i i i  each m~i’ n)up , n . liii ’ r edu s ’t i on in r i -q t ut ’ s’S f l U i i s h s s - i ’ of -- s - i t c h ,  c~I f l

I i i -  i t t  r j t uts’c l to a r ed sic s’s I I’l s ’xihi l  it ’ , -  of t lus’  ss - h s  sI I s - t i  ups i I I  I ,  ‘Si . I ’I i s  TiV1l H

of I i c s i m ’ , \ ‘b . l . h b u t ’ - I l l s c , l I \ l h m i h i t V  of ‘- s - I u ’c t f l i ’s  l b s  Is ’ s- I ’ eu  i s s  I s , i m : s s - -  ir a

n m s s s p b n  t ’ I V  l n m l n Ism . I m h e l s I  s1 mn , - m ’ wI sh ,’ this ’  I~ s m I r i \  of I i’ss’ i’ e \ ‘I . I . c i ’

re~ I r t 5 l m  N I i  - t h u - i t  Inc  t Ime two hm s - llns in sh i l l s  m ’ , s m t  ~~i’ , m i u s s - - - . Ii s’iti be 5 s - u l l  t h s , I I

1 i - . l , m rs~s r t h i s  l . s r n iil p ( m m i  i s ’ , Isis,’ of ii), t I le  I s ’s ’s  t l s \ i h m b l i t y  l i e c , I l 0 ’ s  at  I t , ’

ilis ’i ’ s ’,I’-s in n i ml : t h i ,’i’ o t  h , ’aiss_— i’xs’budi ’ih I roisi H II1OIII _ lii m ’Olt ’- ss b s I - s ~~.

‘rbm s I ’ s ’ ; ’ n - i m s - m s s s  es I ec t io i s  ss ,ll r hX pre’- u - m us ’d i r i  t H in ’s ‘ s i . i . e ~~. i i i  l ie

m ’51 m i m i-  - m l  t o  ‘ s m - I n  n I S I l l  .1111  m m i i  oil - n &-cs - i s ’ s’ i ’ , - , i s s  . s- . ‘[N c’ s u i t  I i ’ . si sii ,~ii is l i e ’ s

accoi-i spb m s h u s ’ s  t h u - i  i s-s - i buo w -ti  i ll b i gh ts - ‘ s i . 1 .5 . . \ ‘-s ill t b t n  I \ ’ . - ’ — b ~ s - m n s  ‘ : 0 1  l 5 \ ,

t Ins  fi r - -t  I l - v s - i  ot S l’s i l l s  - ‘ -~, i l  H \ - ,  i i  sI - I I I  m s - i s o  
~~ it  ion~’ S I ~~i s ’  I n s  I - it l b  N

II I ’ i I I - ’ liv ciii 5 1111, : a ‘ - s - s i t - b -  1’, , u i u  1 1 0 5 1 1  s m e l t  n i t  I I s , -  I I ’  1,’ l ” ) I i t i ’ - n )t IS i l i p l l t s ps - i ’

i,~ I o 1 l b ’ . l1 i ’ f c r i ’ i m i ~ to I”i gl,lI ’s \ 1. 1 . 1 , t h is  ‘—s’s ’oi u h is - s’ s - i uiI IN , 115 , 11 I X “ti-] s’s ’I s- ons’

I is - 

---
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5 -

5~~S s ,5 _ S S , . ~~~~~s i s L t , i t , ,  ~~~~~~~~~~~~~~~~~~~~~ ~~~~~ s v b s , h i . , i ,sj : s . ’

t fl —,’ Si c_ m S i - si , \\ : ss -~ ;s:. N5 - s s .  - s . , - . inS  m i s -  - ‘ s i  S N  1 , -s- cl’s -:5’ ‘ s n - fl 51 05 .

5 1 1 ’ ” ’’ 1 1 5  5 ’ -  0 l ’ s ’ ’ ’ ’’ - 1  - - 
~ ‘‘ - - S - 1’’, m~~5 n  n I  Is 51115’ ‘5- - s-i Ii, - S - ‘ m s ’ ’ ’ ’

S i l L , - - . ~f 1 s  : s s c _ ’ - i i b~~ - SI S S  ssss:s ’ ss - s ss -  r , s ’t s ~h ’ csb ~sr  lNi s - sL” s , ss ’. wINu 4

~ - - s :1t,~s : s - - s c .  t~-iJc , ’- , 55s1 , - I s , l’ s’s I’s ’s bcm s : u - s : -  N:  s,’s sn”,-S: s u N t o

i s - i j s - ’, - i II ’s:

‘r s s : s 2 ’ s r - .~~~~~ i ’ i S !  s - - s ’ : j t s i m s ’s N 1 -~-~~~ ‘- - 1 ) - s  s ‘i-

s— lii’s ’s,

N — S -mt , I :  ii t i .: s N ’ 5 ” s-S S s:s’ s S 0 -  L u s t ’ s :  - ,u ’ s ’ s h l m h - l  at ‘ 5115 0’ InS t n II ’S555 ’

, 5 ’S ’SSl 115115

is = m ’ - t s : m 3 s~ ’r O S r sn~e t v e  ‘s’SI lS i , - p e r  r n - i s I S ’

S -- nrnuih s ’i’ of s - s S l s I m l I . t l u e  ‘15’ - 5’I , ’s ’ s n i  I ’ s ’ s n ’ t \ ’ s I ’e .i ; s t s -  mt  ‘ I s  s s L t H 5 X

out put

I . n e _ i l l s  ‘, :n : i t ch i i i i i  \ ,li ‘ ix f l u — l u S h I , ) l ’ St l ) n  — , I

‘h i -  ,Ii’ sj s~is s- o m u s - cpt 101’ l i f t  5 ’ ,- ,IH ~, — ‘r n  i l i t l k i 1—ki m s- i s-: s’:mi mout h O c ’s ft’ e i l l s i s -

sin s hi - s’xtcnd ecl t o  th i s - c d — n ,’ of t b , , ‘s S m , - m h  i m ’ s  I i ’, tb ts ’  H ,  f l -  S s ~~b s m m ’  S

1. 5 , S i l ’d y l m l u  ‘ S i ,  I s e m l  s l s ’ ! S n s T l i  I u s c s m h i o u i s i l l - -  - s s . S  ir  b b o c k - m  s- s

‘ s I s ” s s u ’ I h t ’s  i s  ‘-.11055’S in 1’ i ’ s SSI’s’H \ 1. 2 . s , 1 . 2 . : , atid ‘s’ . N . s .

ft ne , — ‘ 5 ’ ’ . sp i t - ’ - ar c  shm os ’ ,’n - I S I s  f o u r — u i  n i l  i ef l l  ‘ s l , ) ’ i ’ s ,  h i s  ~I Se -

i l s  115151 n m ’ - m u p , i m m s i  i si - f i v u  —i ’Ic_ ’n ss’ Im I g roup.

2 . --Vii s-Is’mcsnt in a s- -p u -s i t i ,  p s i - - i l  i n i l S  ~‘ h  I I n n  thu  bI o s ’s  sil l S  hi ’

as- si gns-S I ’ )  SI -s -I I n  1515 I n ’ , 1  I s v m a t ! -  S si  5 1 1 m m - I l l  - ‘ in I I i ,  -.I:s - n  n I ll s - S

-t - , h l h s i n  i b i s  hiock . H u m ’ - - , - i l l  , ‘l m ’u s m m ’mu t  i t s this ’ Upp er 1’ I t  —l t t.I s l d  n O  u m ’

of tbms t n m s t i — t - l ,-iiis ’nt block hil l l s ,  -
~n t  ‘1 , ansI s i l l  s’l~ ’ s m i s - m i I  — i l s  I I i s  uppm uS

i ’i ghi t hans] soltier of t h i s  fosii ’ — s - ls-rns’nt h ios ’b I i ‘1 S t  5 st  F, i ntl - ‘o - i i , ,

i i i ’
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3. Fs’s’d c-i s-mi - u t ’s in s ’achi — u t  such :15 Set A S i n s -  -u - Is c u d  b~- , m st i l i —

niat i’i x to fo rn s S sin sult aiss -ou s-s ind i s’idual 1 15.1111 ,5 (55 ’, -  i~ - ‘ i n s

\ ‘I . 2 .d) .

4 . An individ ual hi’an’s Irons s’ach suhussa t i’ix is eonhl ) i l l id  s’, ’ i t l t  o t h i s  I

indiv idual  hs-an’ss from otlhs ’S’ ssihrrsatricc’s in a s’ol’por ul t s- l u ’s-s I 1,1

form th u s ’ ns’qUi rs ’S l ibock — f s-cI beans ( s-is’s’ Fi g’urs- \ ‘ h . 2 .5) . ‘Ili c

s b s - -~igi i of t h I n ,’ sub III c_ it  n e s s  is isls-ntie al to dis’ dc_- sign s-I t h i s ’

--s - , i t s  ‘s i n ’ s  uiiat I’j x in I i m,iul ’ e’ \ 1 . 1.5. It i - i  h o t s - s i , hu os ’ ; s - s  u - n , t h at i i i - -

tot si b numbs -i ’ of i u ’ ,I ds to i_ - , m el I suhn satz ’ix i s— ns’dslss’sl hs’ a factor

s ’qshli to t h u ,  nunsbs-r of sub r na t t’i c , — , or thus -  nun ’shs’ I’ n i l  Is’s - s b

I~ iSis - l i t - — in i’sli ’h block . NI this ’ s’j’ss: n i t  t h i s ’  I n m l i i ’ —s In ’s :,,- I I I  g r o u p

l’s ‘-b i s - ’ s ’s  Si iii 1 i ’s lI i’e \ 1 . 2 .sb , I b is’ I n ~ t . i I  mt s ln set’ s- I 1s’~ids’, m i  s - is b

sitlshsiat l’i x is Fot ’ N s - Is - sS: n s um I b m  1 , t h u  I . i l l S i h s’l’ i ’s  N~ N .

It is- .  _ i i s - o iis - ss- ihle to i’s-du e s  t i t u  l ’ u ’il h l i  l i m b  n u s s - J s s  i ’ - i l  . ‘ i i i  m n

Is, t l ’ msI i Iss 5 otN’ ‘son’si,’ u s  s - s h i s h l i t - , hui 1st -as s - , - -
~~ l~ t i m - m i s .  \ ‘se  mis t o r m : ’

i~s s o up ’- of ri h loc_’k ’-’fid I m s - s l l i m , - - . I - i-u - sb s’lsss s l u t —  of “is t ‘s ss ’I t i  s - I l  ,i 1• u

rs~ iu i t - i’d to foi ’isu s-ach g i - oup of n bIos -k —fed  hs ’an , ’s  _ m m ’s sd S n t -

is, t h i s ’ f i r — I  I -  s- u - h of submat i ’ix  .\ A ’-  s-lions -i Il l  I igLl i’s \ I . S . 1us d

s - l s -i s , sI l l  ‘--u t 13 and o t bmu -r s a m ’s’ ‘-s - I s e ts’s] in t i e  ‘- h i S s  M s - l I l l s  r . It is

ssport ai l l  t o  not i -  I h i t  t h u  isuni sl -is-i’ 01 h i - anc bs u ’s  in 5 5 1  n i s  f i r - - I  i s - e n  1

5: - m l  ‘ i x  b ’ s now I i ,  ‘sr ld  eli is s i 1 m I . l i  to ii ‘N . 5 ‘ I r u m  - sic - I t ms

- I l h i s s -, , i l l i s - 5  s l e— i g n  , l l ’e s - m u  I n  t o  the -.srll sbm i fl g 1 ’  ‘II IX sit : ins -r i ’

S ‘s 1 . 1 . mI .

Il l e - u h m f l s , I I I i s s ’ s  , i s i ti .ifl v P5’°’s u - I s’  k ’s  ‘ s I l ! n I l I ’  s ’ i , ’O!l s- I~ s isis— .

- is H i su It isis s-I ! l l d i s ’ i d l l . I I  ‘ s i  I s  . - s - I n  his ’ - i n  i s - c l  ~‘s1 I S- -I l l ’ s s-sd

‘ -o s s m , ‘ m l  lb ’s- s i ’  ,ire’ u i s . s t u I  . In I l i s l i  I ’ m \ i . 2.  t , I ,  - .1 I i i  1 I S  lo i ’iiicd

I) i-~

- - - 5 - - -- - — - -- -’
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S E L E C T I O N  1 2 k 1 2  k 1 2  1, T O T A l . N I IM B ER OF F E E D
M A T R IX  I E L E M L N T S  IN EACH GROUP
N O T R E Q  ++•4 ++•.~ ~~~~~~~~~~~~FOR 4 EL F~~~ 1 ‘1 f” S N U M B E R  OF FEED ELEMENTS

GROUP ) 1 1 2 L_k IN EACH B L O C K E D  FED BEAM

Vr’i
I C O R P O R A T E F E E D  

0
BLOCK FED
BEAM BEAM~~

- 5 - 5 5 - 3 1  1 5 5 - I S  71,1
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sin a , + s I n ~~1 COs (0  R ( \ — 2 )

14 
= ( j  s in I s in a2 ’~ R

1 4 
= ( j  sin 
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j ~ 1fl 2~ 

R

( — s i n  
1 sin 

~~
) U

l o t  i np u t  f rom L termni nit I :

2 = (cos 
2~ 

~ (A- 4 )

13 
= ls!n~ .2 co- ~~~ ) L (A -i )

(-  sin 
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sin a ,) F ( A -n )

I :or input from U tt i- n ~i nai l

I I - e o - -~~ cos ) sin~~~, - sin i Ct ( A - 7 )1 I -_ i !

= ( t o - a co— t )~~~~ l , - sin — l i t  a , ) (  (A - s )( 1 1 .2 -, I

( - e o =  s in a , ) ( (A  -~~)

Oill\ - \ t l u h i t  t r i e d  t i i - t  t i l i u t i o n  1= I l l o w I t i l i  for  —~i i u a et r i c a l
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R = I .  ( \ - 1O )
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= ( t i  ~
2 

~ 

— 
~~~ e’~~ ~ 

— s l i i
2:~ ( I  C a tS  ‘

~~

13

- .  - — - - - - -_ _



~u h — t i t u t e  equation (:\—11) into ( A — 2 )

f,3 / R = (cos a1 sin~~1 + sin a1 co-~a2 ) = a 0 5
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sin 1 
( 1 -  eo— ~~2 )

Ll inunate  
~ 

bCtWCCn tI le above tWO equat I

= 1 - tan 
~ 

f 3/R

1 -

tan 
~~ 

= 
f 3/R = (R — f ,)/ f ., (:\ —12)

( onibine equations (A — 5)  and (A - I i) ,

ta1l~~~ = -f 4 f , ( A - i t I

( o ln l = i ! i c  (:\ — 1 1) ,  (A — 1 2 ) .  and (~\ — 1  D

J!~~~~~. ~a =~
~:3 1

3 
f
3

F — U f ~.f I :\ -14)

i u h - ’  itut e  Lc lu l t i o I I  I — 14 )  j u t  ( . \  — 4 )

2 
= F , ‘( i

2
f~~\ I - N )

I O l I U  I I I C  1( 11111 lu l l S  ( \  - )  and a

- C t  ‘ i ’ i f l  C i ) -  ( 0 - , SIll , - - — j q a  co~. 
~~ , --

1 .2 1 — .~ 1

I rol l  a j L t t  t o l l  (:\ 1 1 ; ,  —
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h h i  .2 ~~ 1~~o l
2

_a in - l i i 1~~~a O —  
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. 2

SiiI°- l t i l l  i n  II j i i  j I  O h  I \ 2 )  m d  ( \ ~I i )
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_ -. — -- - — I

~~~~ 1 
- i l l  

/

I f  = U \

I ( I~~
\ t _ m I l  I

i I
Solve t a l l t

— 
I~ t an

— 
I i , U - t a l l

Sub s t i tu t e  il l U from equation I A — 1 4 )

- 
________= 

:3 t n t  a 1 ~~~~~~~~

~ l l I )  t i t  l i t  i ll  I I l l  I l o l l  (~~l~ lat i 0 t l  (A -I ~)
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— o f 4 ° — f
4

) ~~ ~ 
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—( - 
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- 
( f  i f  ) 

( .\ - l = )
f ~ — f a 

43 - P 2 4

a can he i ou tpu t t d  f rom c qu at io t l  ( \  — i n )  o r  I mm a eo ln l i in a i t i on  of

1q11 I t i on s  I \ — 1 1 )  n i l  ( \  — 1  1) . l id s  redund lmn cv inai v iu i i p lv  l a s t  t u et i o l l s

on t j i  pu— Ih Ie  v d I R  = of 
~~~ ~l~~~

• • •  and f 4 . To e l i m i na t e  possible

t i l t  O I l - I - I l l i t  V . we proceed as !o i lo \ \  —

t a n a 1 = 1 4 1

s j f l  a
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+ s l  a,~ / 1 1  -a1)
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sir j a

1 f f 4tan I = 

~ 
_~~~~ 2 a
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=

-) ( f
4

/ f
3
)2 

_____5j f l~ :
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= 7 = 7 7 (A- iSa )
1 ~ ( 14 / f 3 Y f~ s

We also manipu late equat ions  (A- 15) and (A- in ) ,

. 2 2
- 2 

sm n a2 1 - C05

Si lt  = ___________ = 21 ( l + c o s a2 ) ( 1+ c o s 9 )

1 ~~ ______

/ f)~
1

sin 
1 

can he s impl i f ied  as follows:

= -f
4 

/ ( 2 t ~~ f
4

) ( \  - Nh)

sin
2 a

1 can he e1h~~inated from the ex p r a = s i o n -  ill  (C 1t l l l t io l lS

(A —ISa)  and (A 18b).
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4
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(2 f , — f4
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3 4 —
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( 2 f 2 -f ~ ) ~ ~ f~ 0)

2 f 2 (
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FA1T LN 0.4 — PAR ’US I~lS]’ ~\ X ( )  LOSS FOR

Nunther of s imultaneous beams = (i4 (5)

Nun ihe’r of groups = i’t4 (n t )
N umber of bc-in-u s in a group 4 (ci )

i ’a i t  Li --I  Nun ahe-i’ of I ‘ f l i t S  l oss pa - i  I ‘ I l i t , t i l l

i n -a t Level

Input cable- , length 2lS h , 6 ” .24
1 04T switch t i4 1 .

1P2 ’1’ sta ’ i tch
Connectin g cable- , length

Second Level

Input cable’, length (i4 , 3,7 ” 1 . 4

1 l’4’1’ switch 1250 2 x 1. (t w o  ic-v a -Is)
I P2T switch 102 2 x . -’l ( t v ’ o l a - t e l — a )
Connecting c ohN - , le ’llgtll 1405 , 7 ’’ • 2R

liii t’d I ,av e ’I

Input cable - , length 40% , N) ’’ 2 . 4
104]’ sw itch 128(1 2 x 1. (t w o  l e-t’ e’ls)
1 02]’ s’,t ’itch 192 2 x . 3 (two  l e v e l s )
(lotiri a-cting cable ’, length 1408 , 7” .25

Total

IP4T sit ’itc ii  2( i24
IP2T switch 384
SPDT junction 8256
NumI)e-r of cables 7232
Loss 10.8 di3
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, Iii

“ a e o l i i I  IA t a l

Inp u t  t _ i b ’ t e ’ . I t  11tH I; I i t t i - I , 15~ 1 . 4

I I ’4  I ‘-i’ i t a - h  4 5 t 1  2 x 1. (2 l u ’ t a - k )
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( ‘ t i l i l a  s t i l i g  t _ , i h i l e ’ , I t  l I t _ t I l l  I ) - ] , 7’ i N  .2S ( 1  la ’’t a l — l

‘ f l u  rd I t  i- a l

Input  C i b ’ i a  , i t . Mi_t I h 12 , .25
‘si’. a ? ’  ct )n l l i i  I, r ( 1 :4  fa a ’ ai ) 5 .2

I otal

1 F’4 ’I sit -itch SOn
1 H F s t a i t e h i  4ii4
5Pl)F junc t i on  1172
Nurrul u c- r of ca h ’t le t i-a (024
I t ) SS 7 .02 (lB
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MISSION

Rome Air Development (,enter

MLk plans and conducts research, exploratory and aivanced
development programs in command, control, and coniinalnications
(C3) activities, and in the C3 areas of inforinatios~ sciences
and intelligence. The principal technical mission areas
are cornjnunicatiozus, electromagnetic guidance and control,
surveillance of ground and aerospace objects, int&ligence
data collection and handling, information system technology, -
ionospheric propagation, solid state sciences, microwave
physics and electronic reliability, maintainabiliti,v and
compatibility.

Pri nted by
Unite d States Air  Force
Ho n s c o m  AFB , Mass .  01731


